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PGC-1, A NOVEL BROWN FAT PPARy COACTIVATOR 

Background of the Invention 

Vertebrates possess two distinct types of adipose tissue: white adipose tissue 
5 (WAT) and brown adipose tissue (BAT). WAT stores and releases fat according to the 
nutritional needs of the animal BAT burns fat, releasing the energy as heat (i.e., 
nonshivering heat). The unique thermogenic properties of BAT reflect the activities of 
specialized mitochondria that contain the brown adipocyte-specific gene product 
uncoupling protein (UCP). Sears, LB. et al. (1996) Mol Cell Biol 16(7):3410-3419. 
10 UCP is a mitochondrial proton carrier that uncouples respiration from oxidative 

phosphorylation by collapsing the proton gradient established from fatty acid oxidation 
without concomitant ATP synthesis (Nicholls, D. and Locke, R. (1984) Physiol Rev. 
64:1-64). 

UCP expression is tightly regulated, primarily by sympathetic nervous systems, 

.15 in response to physiological signals, such as cold exposure and excess caloric intake 
(Girardier, L. and Seydoux, J. (1986) "Neural Control of Brown Adipose Tissue" In P. 
Trayhurn and D. Nichols (eds.) Brown Adipose Tissue (Arnold, London, 1986) pp. 122- 
151. Norepinephrine released from the local neurons interacts with P-adrenergic 
receptors on the brown adipocyte cell membrane, causing an increase in intracellular 

20 cyclic AMP (cAMP) levels (Sears, LB. et al. (1996) Mol Cell Biol 16(7):34 10-34 19). 
An increased level of transcription of the UCP gene is a critical component in the 
cascade of events leading to elevated BAT thermogenesis in response to increased 
cAMP (Kopecky, J. et al. (1990) J. Biol Chem. 265:22204-22209; Rehnmark, S.M et al. 
(1990) J. Biol Chem. 265:16464-16471; Ricquirer, D.F. et al. (1986)7. Biol Chem. 

25 261:13905-13910). BAT thermogenesis is used both (1) to maintain homeothermy by 
increasing thermogenesis in response to lower temperatures and (2) to maintain energy 
balance by increasing energy expenditure in response to increases in caloric intake 
(Sears, LB. et al. (1996) Mol Cell Biol 16(7):34 10-34 19). Nearly all experimental 
rodent models of obesity are accompanied by diminished or defective BAT function, 

30 usually as the first symptom in the progression of obesity (Himms-Hagen, J. ( 1 989) 
Prog. Lipid Res. 28:67-1 15; Himms-Hagen, J. (1990) FASEB J. 4:2890-2898). In 
addition, ablation of BAT in transgenic mice by targeted expression of a toxin gene 
results in obesity (Lowell, B. et al. (1 993) Nature 366:740-742). Thus, the growth and 
differentiation of brown adipocytes are key determinants in an animal's ability to 

35 maintain energy balance and prevent obesity (Sears, LB. et al. (1996) Mol Cell Biol 
16(7):3410-3419). 
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Recently, several transcription factors have been identified which promote 
adipogenesis. These transcription factors include CCAAT/enhancer binding protein 
(C/EBP) a, p, and 5 and peroxisome proliferator activated receptor (PPAR) y. See 
Spiegelman, B.M. and Flier, J.S. (1996) Cell 87:377-389 for a review. C/EBP family 
5 members such as C/EBPa, p, and 8 play important roles in the regulation of adipocyte- 
specific gene expression. For example, C/EBPa can transactivate the promoters of 
several genes expressed in the mature adipocyte (Herrera, R. et al. (1989) Mol. Cell 
Biol 9:5331-5339; Miller, S.G. et al. (1996) PNAS 93:5507-551; Christy, R.J. et al. 
(1989) Genes Dev. 3:1323-1335; Umek, R.M. et al. (1991) Science 251:288-291; 

10 Kaestner, K.H. et al. (1990) PNAS 87:251-255; Deiabrousse, F.C. et al. (1996) PNAS 
93:4096-4101; Hwang, C.S. et al. (1996) PNAS 93:873-877). Overexpression of C/EBP 
a can induce adipocyte differentiation in fibroblasts (Freytag, S.O. et al. (1994) Genes 
Dev. 8:1654-1663) whereas expression of antisense C/EBPa inhibits terminal 
differentiation of preadipocytes (Lin, FT and Lane, M.D. (1992) Genes Dev. 6:533- 

1 5 544). The physiological importance of C/EBPa was further demonstrated by the 

generation of transgenic, C/EBPa-knockout mice. Although adipocytes are still present 
in these animals, they accumulate much less lipid and exhibit decreased adipocyte- 
specific gene expression (Wang, N. et al. (1 995) Science 269: 1 1 08-1 1 1 2). C/EBPa was 
found to have a synergistic relationship with another transcription factor, PPARy, in 

20 promoting adipocyte differentiation (See Brun, R.P. et al. (1 996) Curr. Opin. Cell Biol 
8:826-832 for a review). PPARy is a nuclear hormone receptor which exists in two 
isoforms (yl and y2) formed by alternative splicing (Zhu, Y. et al. (1995) PNAS 
92:7921-7925 ) and which appears to function as both a direct regulator of many fat- 
specific genes and also as a "master" regulator that can trigger the entire program of 

25 adipogenesis (Spiegelman, B.M. and Flier, J.S. (1996) Cell 87:377-389). PPARy forms 
a heterodimer with RXRa and has been shown to bind directly to well characterized fat- 
specific enhancers from the adipocyte P2 (aP2: Tontonoz, P. (1994) Genes Dev. 8:1224- 
1234) and phosphoenolpyruvate carboxykinase (PEPCK) genes (Tontonoz, P. (1994) 
Mol Cell Biol 15:351-357). 

30 Although the UCP gene promoter includes binding sites for C/EBP (Yubero, P. 

et al. (1994) Biochem. Biophys. Res. Commun. 198:653-659) and a PPARy-responsive 
element (Sears, LB. et al. (1996) Mol Cell Biol 16(7):3410-3419), C/EBP and PPARy 
do not seem to be sufficient to induce UCP expression (Sears, LB. et al. (1996) Mol 
Cell Biol 16(7):34 10-34 19). It would be highly desirable, therefore, to identify a 

35 possible additional factor which acts in combination with either C/EBP or PPARy to 
activate UCP expression and thus to promote BAT thermogenesis. 
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Summarv of the Invention 

This invention is based, at least in part, on the discovery of novel molecules 
which can act in combination with PPARy as a coactivator of UCP expression in BAT. 
These molecules are referred to herein as PPAR^ Coactivator 1 ("PGC-l") proteins. 
5 Nucleic acid molecules encoding PGC-l proteins are referred to herein as PGC-l nucleic 
acid molecules. The PGC-l molecules of the invention are capable of, for example, 
modulating adipogenesis, e.g., brown adipogenesis, and thermogenesis of a PGC-l 
expressing tissue, e.g., BAT or muscle. Other functions of the PGC-l molecules of the 
invention are described throughout the present application. 

10 Accordingly, one aspect of the invention pertains to isolated nucleic acid 

molecules (e.g., cDNAs) comprising a nucleotide sequence encoding a PGC-l protein or 
portions thereof (e.g., biologically active or antigenic portions), as well as nucleic acid 
fragments suitable as primers or hybridization probes for the detection of PGC-l - 
encoding nucleic acid (e.g., mRNA). In particularly preferred embodiments, the isolated 

1 5 nucleic acid molecule comprises the nucleotide sequence of SEQ ID NO: 1 or a 

nucleotide sequence which is at least about 50%, preferably at least about 60%, more 
preferably at least about 70%, yet more preferably at least about 80%, still more 
preferably at least about 90%, and most preferably at least about 95% or more 
homologous to the nucleotide sequence of SEQ ID NO: 1 , or the coding region or a 

20 complement of either of these nucleotide sequences. 

In other particularly preferred embodiments, the isolated nucleic acid molecule 
of the invention comprises a nucleotide sequence which hybridizes to or is at least about 
50%, preferably at least about 60%, more preferably at least about 70%, yet more 
preferably at least about 80%, still more preferably at least about 90%, and most 

25 preferably at least about 95% or more homologous to the nucleotide sequence shown in 
SEQ ID NO:l or a portion (e.g., 400, 450, 500, or more nucleotides) of this nucleotide 
sequence. 

In other preferred embodiments, the isolated nucleic acid molecule encodes the 
amino acid sequence of SEQ ID NO:2 or an amino acid sequence which is at least about 
30 50%, preferably at least about 60%, more preferably at least about 70%, yet more 
preferably at least about 80%, still more preferably at least about 90%, and most 
preferably 95% or more homologous to the amino acid sequence of SEQ ID NO:2. The 
preferred PGC-l proteins of the present invention also preferably possess at least one of 
the PGC-l biological activities described herein. 

In another embodiment, the isolated nucleic acid molecule encodes a protein or 
portion thereof wherein the protein or portion thereof includes an amino acid sequence 
which is sufficiently homologous to an amino acid sequence of SEQ ID NO:2, e.g., 
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sufficiently homologous to an amino acid sequence of SEQ ID NO:2 such that the 
protein or portion thereof maintains a PGC-1 activity. Preferably, the protein or portion 
thereof encoded by the nucleic acid molecule maintains one or more of the following 
biological activities: 1) it can interact with (e.g., bind to) PPARy; 2) it can modulate 
5 PPARy activity; 3) it can modulate UCP expression; 4) it can modulate thermogenesis in 
adipocytes, e.g., thermogenesis in brown adipocytes, or muscle; 5) it can modulate 
oxygen consumption in adipocytes or muscle; 6) it can modulate adipogenesis, e.g., 
differentiation of white adipocytes into brown adipocytes; 7) it can modulate insulin 
sensitivity of cells, e.g., insulin sensitivity of muscle cells, liver cells, adipocytes; 8) it 

10 can interact with (e.g., bind to) nuclear hormone receptors, e.g., the thyroid hormone 
receptor, the estrogen receptor, the retinoic acid receptor; 9) it can modulate the activity 
of nuclear hormone receptors; and 10) it can interact with (e.g., bind to) the transcription 
factor C/EBPa. In one embodiment, the protein encoded by the nucleic acid molecule is 
at least about 50%, preferably at least about 60%, more preferably at least about 70%, 

1 5 yet more preferably at least about 80%, still more preferably at least about 90%, and 
most preferably at least about 95% or more homologous to the amino acid sequence of 
SEQ ID NO:2 (e.g., the entire amino acid sequence of SEQ ID NO:2). 

In yet another embodiment, the isolated nucleic acid molecule is derived from a 
human and encodes a portion of a protein which includes one or more of the following 

20 domains or motifs: a tyrosine phosphorylation site, a cAMP phosphorylation site, a 
serine-arginine (SR) rich domain, an RNA binding motif, and an LXXLL (SEQ ID 
NO:3) motif which mediates interaction with a nuclear receptor. In another preferred 
embodiment, the isolated nucleic acid molecule is derived from a human and encodes a 
protein (e.g., a PGC-1 fusion protein) which includes one or more of the domains/motifs 

25 described herein and which has one or more of the following biological activities: 1) it 
can interact with (e.g., bind to) PPARy; 2) it can modulate PPARy activity; 3) it can 
modulate UCP expression; 4) it can modulate thermogenesis in adipocytes, e.g., 
thermogenesis in brown adipocytes, or muscle; 5) it can modulate oxygen consumption 
in adipocytes or muscle; 6) it can modulate adipogenesis, e.g., differentiation of white 

30 adipocytes into brown adipocytes; 7) it can modulate insulin sensitivity of cells, e.g., 
insulin sensitivity of muscle cells, liver cells, adipocytes; 8) it can interact with (e.g., 
bind to) nuclear hormone receptors, e.g., the thyroid hormone receptor, the estrogen 
receptor, the retinoic acid receptor; 9) it can modulate the activity of nuclear hormone 
receptors; and 10) it can interact with (e.g., bind to) the transcription factor C/EBPa. 

35 In another embodiment, the isolated nucleic acid molecule is at least 1 5 

nucleotides in length and hybridizes under stringent conditions to a nucleic acid 
molecule comprising the nucleotide sequence of SEQ ID NO:l or to a nucleotide 
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sequence which is at least about 50%, preferably at least about 60%, more preferably at 
least about 70%, yet more preferably at least about 80%, still more preferably at least 
about 90%, and most preferably at least about 95% or more homologous to the 
nucleotide sequence shown in SEQ IDNO:l. Preferably, the isolated nucleic acid 
5 molecule corresponds to a naturally-occurring nucleic acid molecule. More preferably, 
the isolated nucleic acid encodes naturally-occurring human PGC- 1 or a biologically 
active portion thereof. Moreover, given the disclosure herein of a PGC- 1 -encoding 
cDNA sequence (e.g., SEQ ID NO:l), antisense nucleic acid molecules (i.e., molecules 
which are complementary to the coding strand of the PGC-1 cDNA sequence) are also 
10 provided by the invention. 

Another aspect of the invention pertains to vectors, e.g., recombinant expression 
vectors, containing the nucleic acid molecules of the invention and host cells into which 
such vectors have been introduced. In one embodiment, such a host cell is used to 
produce PGC-1 protein by culturing the host cell in a suitable medium. If desired, the 
1 5 PGC- 1 protein can be then isolated from the medium or the host cell. 

Yet another aspect of the invention pertains to transgenic nonhuman animals in 
which a PGC-1 gene has been introduced or altered. In one embodiment, the genome of 
the nonhuman animal has been altered by introduction of a nucleic acid molecule of the 
invention encoding PGC-1 as a transgene. In another embodiment, an endogenous 
20 PGC- 1 gene within the genome of the nonhuman animal has been altered, e.g., 
functionally disrupted, by homologous recombination. 

Still another aspect of the invention pertains to an isolated PGC-1 protein or a 
portion, e.g., a biologically active portion, thereof. In a preferred embodiment, the 
isolated PGC-1 protein or portion thereof can modulate thermogenesis in BAT. In 
25 another preferred embodiment, the isolated PGC- 1 protein or portion thereof is 
sufficiently homologous to an amino acid sequence of SEQ ID NO:2 such that the 
protein or portion thereof maintains one or more of the following biological activities: 1) 
it can interact with (e.g., bind to) PPARy; 2) it can modulate PPARy activity; 3) it can 
modulate UCP expression; 4) it can modulate thermogenesis in adipocytes, e.g., 
30 thermogenesis in brown adipocytes, or muscle; 5) it can modulate oxygen consumption 
in adipocytes or muscle; 6) it can modulate adipogenesis, e.g., differentiation of white 
adipocytes into brown adipocytes; 7) it can modulate insulin sensitivity of cells, e.g., 
insulin sensitivity of muscle cells, liver cells, adipocytes; 8) it can interact with (e.g., 
bind to) nuclear hormone receptors, e.g., the thyroid hormone receptor, the estrogen 
35 receptor, the retinoic acid receptor; 9) it can modulate the activity of nuclear hormone 
receptors; and 10) it can interact with (e.g., bind to) the transcription factor C/EBPa. 
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In one embodiment, the biologically active portion of the PGC-1 protein includes 
a domain or motif, preferably a domain or motif which has a PGC-1 biological activity. 
The domain or motif can be a tyrosine phosphorylation site, a cAMP phosphorylation 
site, a serine-arginine (SR) rich domain, an RNA binding motif, and an LXXLL (SEQ 
5 ID NO:3) motif which mediates interaction with a nuclear receptor, or a combination of 
one or more of these domains or motifs. Preferably, the biologically active portion of 
the PGC-1 protein which includes one or more of these domains or motifs has one of the 
following biological activities: 1) it can interact with (e.g., bind to) PPARy; 2) it can 
modulate PPARy activity; 3) it can modulate UCP expression; 4) it can modulate 
10 thermogenesis in adipocytes, e.g., thermogenesis in brown adipocytes, or muscle; 5) it 
can modulate oxygen consumption in adipocytes or muscle; 6) it can modulate 
adipogenesis, e.g., differentiation of white adipocytes into brown adipocytes; 7) it can 
modulate insulin sensitivity of cells, e.g., insulin sensitivity of muscle cells, liver cells, 
adipocytes; 8) it can interact with (e.g., bind to) nuclear hormone receptors, e.g., the 
1 5 thyroid hormone receptor, the estrogen receptor, the retinoic acid receptor; 9) it can 
modulate the activity of nuclear hormone receptors; and 10) it can interact with (e.g., 
bind to) the transcription factor C/EBPa. 

The invention also provides an isolated preparation of a PGC-1 protein. In 
preferred embodiments, the PGC-1 protein comprises the amino acid sequence of SEQ 
20 ID NO:2 or an amino acid sequence which is at least about 50%, preferably at least 

about 60%, more preferably at least about 70%, yet more preferably at least about 80%, 
still more preferably at least about 90%, and most preferably at least about 95% or more 
homologous to the amino acid sequence of SEQ ID NO:2, e.g., the entire amino acid 
sequence of SEQ ID NO:2. In other embodiments, the isolated PGC-1 protein 
25 comprises an amino acid sequence which is at least about 50%, preferably at least about 
60%, more preferably at least about 70%, yet more preferably at least about 80%, still 
more preferably at least about 90%, and most preferably at least about 95% or more 
homologous to the amino acid sequence of SEQ ID NO:2 and has one or more of the 
PGC-1 biological activities described herein. Alternatively, the isolated PGC-1 protein 
30 can comprise an amino acid sequence which is encoded by a nucleotide sequence which 
hybridizes, e.g., hybridizes under stringent conditions, or is at least about 50%, 
preferably at least about 60%, more preferably at least about 70%, yet more preferably at 
least about 80%, still more preferably at least about 90%, and most preferably at least 
about 95% or more homologous to the nucleotide sequence of SEQ ID NO: 1 . It is also 
35 preferred that the preferred forms of PGC-1 also have one or more of the PGC-1 
biological activities described herein. 



35 
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h, „ ? 6 IT, 1 Pr ° tein P ° ,ypeptide ^ or 3 bioI ogically active portion thereof can 
be operatively linked to a non-PGC-1 polypeptide to form » a • 
the PfiP l „ • , . Polypeptide to form a fiision protein. In addition 

& PGC-1 protein or a biologically active portion thereof can be incorporated into a 
pharmaceutical composition comprising the m-m™ »„a u 
5 carrier. mpnsmg the protein and a pharmaceutical ly acceptable 

The PGC-1 protein of the invention, or portions or fragments thereof can be 
usedto p.pareanti-PGC-1 antibodies. According the invenl 

■T* PCPt,de ° f PGC ' 1 WhiCH C ° mpnSeS 31 ^ 8 — o -id residCt lino 
acid sequence shown in SFO in wn o ✓ raiaues ot tne amino 

10 aboutSOo/ h /, ? N °- 2(0rMamnoacidse ^nce which is at least 

about 50/o homologous to the amino acid sequence of SEQ ID NO^ w 
aneDitonenfPr,r i o u.u y 311(1 encompasses 

an epitope of PGC-1 such that an antibody raised against the peptide forms a specific 

•mmunecomplexwithPGC-l. Preferably, the antigenic pepLcomp^ Xu 0 

amino ac.d residues, more preferably at least 1 5 amino acid residues, « ° 

tncorpomted i„,o a pha^accuUca. composition comprising *JT1" 
Pharmaceutical^ acceptable carrier, "moody and a 

!0 ™ • , A r" her . aSpeC ' ° f *' invenli °" ^ >° methods for modulating a cel. 
aasoctated acvtty, e.g., p roliferatlo „, differentiatio „, lh ° J s J' 

consurapttou. Such methods include contacting the cell with L "^ u 
PGC , proteinact^orPGC-l nucleic ac M 

a«mty, of the cell ,„ the absence of the agent. ,„ , prefelTCd erabodimem 

modu ates PGC-1 activity can be an agent tvhich staula.es PGC-1 protei „ aclivitv or 

.^r^T irt *-"«<—• -* — pec., P :; r 

p , uwiumg i-ot- 1 that have been introduced into the rHl 

an. sense PGC-1 nucletc acd molecules, and antibodies that specifically bind to PGC I 
I a prefer^ embodiment, the cel. is present within a subject and the ,ge„ s 
administered to the subject. 8 

The present invention also pertains to methods for treating subjects havin, 
o oy aoerrant PGC- 1 protein acUvity or nucleic acid 
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expression such as a weight disorder, e.g., obesity, anorexia, cachexia, or a disorder 
associated with insufficient insulin activity, e.g., diabetes. These methods include 
administering to the subject a PGC-1 modulator (e.g., a small molecule) such that 
treatment of the subject occurs. 
5 In one embodiment, the invention pertains to methods for treating a subject 

having a weight disorder, e.g., obesity, or a disorder associated with insufficient insulin 
activity, e.g., diabetes, comprising administering to the subject a PGC-1 activator, e.g., a 
PGC-1 protein or portion thereof or a compound or an agent thereby increasing the 
expression or activity of PGC-1 such that treatment of the disease occurs. Weight 
10 disorders, e.g., obesity, and disorders associated with insufficient insulin activity can 
also be treated according to the invention by administering to the subject having the 
disorder a PGC-1 activator, e.g., a nucleic acid encoding a PGC-1 protein or portion 
thereof such that treatment occurs. 

The invention also pertains to methods for detecting genetic lesions in a PGC-1 
15 gene, thereby determining if a subject with the lesioned gene is at risk for (or is 

predisposed to have) a disorder characterized by aberrant or abnormal PGC-1 nucleic 
acid expression or PGC-1 protein activity, e.g., a weight disorder or a disorder 
associated with insufficient insulin activity. In preferred embodiments, the methods 
include detecting, in a sample of cells from the subject, the presence or absence of a 
20 genetic lesion characterized by an alteration affecting the integrity of a gene encodmg a 
PGC-1 protein, or the misexpression of the PGC-1 gene. 

Another aspect of the invention pertains to methods for detecting the presence of 
PGC-1 in a biological sample. In a preferred embodiment, the methods involve 
contacting a biological sample (e.g., a cardiomyocyte, hepatocyte, neuronal cell, a brown 
25 adipocyte or a muscle sample) with a compound or an agent capable of detecting PGC-1 
protein or PGC-1 mRNA such that the presence of PGC-1 is detected in the biological 
sample. The compound or agent can be, for example, a labeled or labelable nucleic acid 
probe capable of hybridizing to PGC-1 mRNA or a labeled or labelable antibody capable 
of binding to PGC-1 protein. The invention further provides methods for 

30 diagnosis of a subject with, for example, a weight disorder or a disorder associated with 
insufficient insulin activity, based on detection of PGC-1 protein or mRNA. In one 
embodiment, the method involves contacting a cell or tissue sample (e.g., a brown 
adipocyte sample) from the subject with an agent capable of detecting PGC-1 protein or 
mRNA, determining the amount of PGC-1 protein or mRNA expressed in the cell or 
35 tissue sample, comparing the amount of PGC-1 protein or mRNA expressed in the cell 
or tissue sample to a control sample and forming a diagnosis based on the amount of 
PGC-1 protein or mRNA expressed in the cell or tissue sample as compared to the 
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of .he compound «o bind „ ^0^2 '"" * *«» 

25 compound in to complex^ ' ' S """"^ " y *» 

-W- mo,ecu,e, . ^^P^ T PGC -' ~* • 
hormone receptor *e eTl^Z ' „ ""^ «*• *' *»«« 

Ptotein ,„ f 0rm a . " ° b,ndlne of * e ""W ""bete to the POC-1 

-o^ofoom^r^rz srr 

5 ability „f to M 3 f *■ c «P°™<i « agent is indicative of me 
targe, molecule. ««-a™.rac,io„ofmePGCI 

protein with a 
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tt rigf Descrip +i"" of «he Drawing 

Figures I A, 1A-1, and 1A-2 depict the mouse PGC-1 nucleotide (SEQ ID NO:l) 

and amino acid (SEQ ID NO:2) sequence. 

flam 2^-2B depict an analysis of the mouse PGC-1 sequence. The following 
5 domains are underlined in Figure 2A: SR domains (amino acids 565-598 and 617-631), 
an RNA-binding domain (amino acid 677-709), three consensus sites for 
phosphorating protein kinase A (amino acids 238-241, 373-376 and 655-668), and an 

LXXLL (SEQ ID NO:3) motif (amino acids 142-146). 

F/gur e2BisaschematicrepresentationofthestructureofmousePGC-l. 

,0 Arrows indicate putative protein kinase A phosphorylation sites having the consensus 
sequence (R, K)2x(ST). The gray box indicates the SR rich region domain and black 
box indicates the RNA-binding domain. 

Figures 3A-3B are bar graphs depicting the effect of mouse PGC-1 in 
stimulating the transaction of the UCP-1 promoter by PPARy and the thyroid 
15 hormone receptor (TR). Figure 3A depicts the increased transcription activation of the 
CAT reporter gene under the control of the UCP-1 promoter with respect to the 
indicated ligands/hormones in RATI IR cells. Figure 3B is a graph depicting f the 
increased transcription activation of a reporter CAT gene under the control of UAS 
sequences (five copies) using mouse PGC-1 linked to GAL4 DBD. 
20 Figure 4 is a diagram of different mouse PGC-1 deletions to identify the 

domain of PGC-1 which interacts with PPARy. Indicated in the Figure are schematic 
representations of the PGC-1 deletions with the corresponding percentage of input 
ma terial that bound to PPARy. The LXXLL (SEQ ID NO:3) motif is located at amino 
acid residues 142-146. The black box corresponds to the PPARy-binding domain of 
25 PGC-1 (amino acid 292-338). 

Figure 5 is a diagram of different mouse PPARy deletions to identify the 
domain of PPARy which interacts with PGC-1. Indicated in the Figure are schematic 
representations of the PPARy deletions with the corresponding percentage of input 

binding to PGC-1. . . 

30 Figure 6 is a bar graph depicting the effect in oxygen consumption of chrome 

treatment of PGC-1 infected and control cells with cAMP and Retinoic Acid (RA). 

Detailed Desc ri ption of the Invention 

The present invention is based on the discovery of novel molecules, referred to 
35 herein as PGC-1 nucleic acid and protein molecules, which play a role in or function in 
adipocyte associated activities. In one embodiment, the PGC-1 molecules can modulate 
adipogenesis, e.g., adipogenesis of brown adipocytes and muscle cells. In another 
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«M~(, the P0C-. mole^es can modulate Oogenesis „ brown 

pocCfT T^ 1 ftereby p,omo,in8 wei8hl ,oss ta *■ «- 

POC-. morulas 0 f the ,„v.„ti„„ «. b. «d » « obesity. Addilionally , the 
increase u> thermogenic activity caused by the PGC-1 molecules can also increase 
msulm sensitivity of the adipocytes as we,, as of muso,e ce,ls and ,iver ce„s. Una, the 
FOC-1 molecules of Ute invention can also be used to nea, disorders chamcterized T 

ft. POC molecules of the tnvention can decrease Stermogenesis in adipocytes of an 

GC ' 1 7 " Wei8h ' 1055 M " dUal - ™* - — of 

PGC-1 molecules of the tnvenrion can be used to uea, undesitable weigh, loss, e .g 

each . Moreover, the PGC-1 molecules of the invention can also bated aa 
£gets ,„ screen ^ sma| , whjch cm as 

PGC-1 modulators can also be uaed.o t^t „ eigh , disor d ere , , g „ mjm ^ 
■5 obestty, or disorders characterized by insufficient insulin activity ' 
PGC-1 nucleic acid molecules were identified from mouse brown adipocytes 
Nsed on • etr ability, as determined using a yeas, ,„o hybrid assay (deJbeuT 
Exampte l)to bind ,o PPARy. As described above, PPAR, is . hormone 

20 rz; ^ ch ■ ^ a direa ~ - - 

^.J^r.T^*^^*-*-^ Moreover, as 
he UCP gene promoter tncludcs a PPARy-responsive element, a modulator of PPARy 

Z~ P08enesisa " dUCP — • »— — - 

25 acid J"' ""tT" Sa " Ue ° Ce ° f 1116 """^ PGC -' CDNA md te I"**" «ni"o 
25 ac,d sequence of the mouse POC-I protein are shown in Figures 1 A 1 A 1 1 A 7 Z 

2A andin SEQ ,D NOs: 1 and 2, tespectively. Using „ ^ ^ 

row^mTT" ( ™ 3 5 ' P ° rti0 " ° f SE ° ID N0: 1 ' nucleo,ides 1 -so of seq 

kid' aCDNA " bra,yfcmah ''"' a »«'"--«-ahumanmu K ,e 
hear,, kldne y, or bram call line, me human POC-1 nucleotide sequence can be obtauted 

30 - g ro„,.„eexperin,=nte,i„„asdesc,ibedinEx=mp,e„. The mouse POO ge„T 
whtch is approxtmstely 3066 nuc.eo.ides in length, encodes a full length pyotefn h vine 
a molecular weight of approximately 120 kD and which is approxinwtely^97 amino 
actdres, uestn length. Hie PGC-1 protein includes several domains/motifs Ze 

35 msT I? inC ' U!,e: * Pn-PWIanon sites (amino ac* 

35 ..dues 204-2,2 sod 3 7 S - 38 5 of SEQ ,D NO:2), throe putative cAMP phospl ^ 
site, (ammo actd residues 238-241, 373-376, and 655-658 of SEQ ID NO-2) a In 
arginme (SR) noh domain (amino acid residues 562-600 of SEQ ID NO:2), an RNA 
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binding motif (amino acid residues 656-709 of SEQ ID NO:2), and an LXXLL motif 
(amino acids 142-146 of SEQ ID NO:2; SEQ ID NO:3) which mediates interaction with 
a nuclear receptor. As used herein, a tyrosine phosphorylation site is an amino acid 
sequence which includes at least one tyrosine residue which can be phosphorylated by a 
5 tyrosine protein kinase. Typically, a tyrosine phosphorylation site is characterized by a 
lysine or an arginine about seven residues to the N-terminal side of the phosphorylated 
tyrosine. An acidic residue (asparagine or glutamine) is often found at either three or 
four residues to the N-terminal side of the tyrosine (Patschinsky, T. et al. (1982) PNAS 
79:973-977); Hunter, T. (1982) J. Biol. Chem. 257:4843-4848; Cooper, J.A. et al. (1984) 
10 J. Biol. Chem. 259:7835-7841). As used herein, a cAMP phosphorylation site is an 
amino acid sequence which includes a serine or threonine residue which can be 
phosphorylated by a cAMP-dependent protein kinase. Typically, the cAMP 
phosphorylation site is characterized by at least two consecutive basic residues to the N- 
terminal side of the serine or threonine (Fremisco, J.R. et al. (1980) J. Biol. Chem. 
1 5 255:4240-4245; Glass, D. B. and Smith, S.B. (1983) J. Biol. Chem. 258:14797-14803; 
Glass, D.B. et al. (1986) J. Biol. Chem. 261:2987-2993). As used herein, a serine- 
arginine rich domain is an amino acid sequence which is rich in serine and arginine 
residues. Typically, SR rich domains are domains which interact with the CTD domain 
of RNA polymerase II or are involved in splicing functions. As used herein, an RNA 
20 binding motif is an amino acid sequence which can bind an RNA molecule or a single 
stranded DNA molecule. RNA binding motifs are described in Lodish, H., Darnell, J., 
and Baltimore, D. Molecular Cell Biology, 3rd ed (W.H. Freeman and Company, New 
York, New York, 1995). As used herein, an LXXLL (SEQ ID NO:3) refers to a motif 
wherein X can be any amino acid and which mediates an interaction between an nuclear 
25 receptor and a coactivator (Heery et al. (1997) Nature 397:733-736; Torchia et al. 
(1997) Nature 387:677-684). 

The PGC-1 protein is expressed in muscle, heart, kidney, brain and brown 
adipose tissue but not in white adipose tissue. In tissue from cold acclimated animals, 
PGC-1 expression was highly induced in brown adipose tissue. Moreover, in tissue 
30 from cold acclimated animals, PGC-1 expression was brown adipose tissue specific. 
PGC-1 expression in tissues from cold acclimated animals parallels expression of UCP, 
the brown adipose tissue marker responsible for the thermogenic activity of this tissue. 

The PGC-1 protein or a biologically active portion or fragment of the invention 
can have one or more of the following activities: 1) it can interact with (e.g., bind to) 
35 PPARy; 2) it can modulate PPARy activity; 3) it can modulate UCP expression; 4) it can 
modulate thermogenesis in adipocytes, e.g., thermogenesis in brown adipocytes, or 
muscle; 5) it can modulate oxygen consumption in adipocytes or muscle; 6) it can 
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e.g., me thyroid honnone receptor the estrone ~~ ♦ p ft ' 

5 can modulate me ac|ivity of it^r re " n ° iC aCi " ^ '> " 
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*e isolated PGC-1 nucleic acid m „ll " ' " Vari0US ■**»«, 

prodoced by recombinant t«L f " medi '" n 

chemically synthesized ""^ chmi « k «*» 
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heart, kidney, or brain cell line (from Stratagene, LaJolla, CA, or Clontech, Palo Alto, 
CA) using all or portion of SEQ ID NO:l as a hybridization probe and standard 
hybridization techniques (e.g., as described in Sambrook, J., Fritsh, E. F., and Maniatis, 
T. Molecular Cloning: A Laboratory Manual. 2nd, ed, Cold Spring Harbor 
5 Laboratory, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 1989). 
Moreover, a nucleic acid molecule encompassing all or a portion of SEQ ID NO:l or a 
nucleotide sequence which is at least about 50%, preferably at least about 60%, more 
preferably at least about 70%, yet more preferably at least about 80%, still more 
preferably at least about 90%, and most preferably at least about 95% or more 
10 homologoustothenucleoudesequenceshowninSEQIDNO.l can be isolated by the 
polymerase chain reaction using oligonucleotide primers designed based upon the 
sequence of SEQ ID NO:l or the homologous nucleotide sequence. For example, 
mRNA can be isolated from heart cells, kidney cells, brain cells, or brown adipocytes 
(e.g., by the guanidinium-thiocyanate extraction procedure of Chirgwin et al. (1979) 
15 Biochemistry 18: 5294-5299) and cDNA can be prepared using reverse transcriptase 
(e.g., Moloney MLV reverse transcriptase, available from Gibco/BRL, Bethesda, MD; 
or AMV reverse transcriptase, available from Seikagaku America, Inc., St. Petersburg, 
FL) Synthetic oligonucleotide primers for PCR amplification can be designed based 
upon the nucleotide sequence shown in SEQ ID NO:l or to the homologous nucleotide 
20 sequence. A nucleic acid of the invention can be amplified using cDNA or, 

alternatively, genomic DNA, as a template and appropriate oligonucleotide primers 
according to standard PCR amplification techniques. The nucleic acid so amplified can 
be cloned into an appropriate vector and characterized by DNA sequence analyse. 
Furthermore, oligonucleotides corresponding to a PGC-1 nucleotide sequence can be 
25 prepared by standard synthetic techniques, e.g., using an automated DNA synthesizer. 

In a preferred embodiment, an isolated nucleic acid molecule of the invention 
comprises the nucleotide sequence shown in SEQ ID NO: 1 or a nucleotide sequence 
which is at least about 50%, preferably at least about 60%, more preferably at least about 
70%, yet more preferably at least about 80%, still more preferably at least about 90%, 
30 and most preferably at least about 95% or more homologous to the nucleotide sequence 
shown in SEQ ID NO:l . The sequence of SEQ ID NO:l corresponds to the mouse ^ 
PGC-1 cDNA. This cDNA comprises sequences encoding the PGC-1 protein (i.e., "the 
coding region", from nucleotides 92 to 2482), as well as 5' untranslated sequences 
(nucleotides 1 to 91) and 3' untranslated sequences (nucleotides 2483 to 3066). 
35 Alternatively, the nucleic acid molecule can comprise only the coding region of SEQ ID 
NO:l (e.g., nucleotides 92 to 2482) or the homologous nucleotide sequence. 
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In another preferred embodiment, an isolated nucleie acid molecule of the 
mvenuon comprises a nucleic acid molecule which is a complement of the nucleotide 
equence shovm in SEQ ID NO: 1 or a nucleotide sequence which is at least about 
50/o, preferably at least about 60% more preferably at least about 70% yet more 
5 preferably at least about 80%, still more preferably at least about 90% and most 

SEQ ID Na Tlx ab °| Ut a' m ° re h ° m0,0g0US to nucleotide sequence shown in 
SEQ ID NO.1. A nucle,c acrd molecule which is complementary to the nucleotide 
^quence shown in SEQ ID NO: , or to a nucleotide sequence which is at least about 
50 /„, preferably at least about 60%, more preferably at least about 70% yet more 

SDDID NO- jT^ ab ° U * 0r more nom ologous to the nucleotide sequence shown in 
SEQ ID NO. 1 ,s one whrch rs sufficiently complementary to the nucleotide sequence 

nuT^t'd N ° 1 OF t0 ^ nomologous sec l u ence such that it can hybridize to the 

15 " CS ~^ ortothehomolo g ou SS equence,thereby ' 

15 forming a stable duplex. y 

In still am.fter preferred embodiment an isola,ed nucleic acid molecule of ,he 
nvenuon comprises a nucleotide sequence which is a. leas, about 50%, preferably a! 
e» abou. 6 0%, more „ a, leas, ahou, 70%, y e, more preferably a , ,eas, L 

20 lorn T y a ' ab °"' 9 ° % ' Md "~ Prctob * * — 95% or 

20 tire nuceoride sequence ahown in SEQ ,D NO:, or a portion of h" 

rr rr nce - ,n m addi,ionai " -**«■ - -s* - 

molecule of me mvention comprises a nucleotide aequenee which hybridizes e g 
hybntea under stringenl „ fc ^ ^* 

25 60/„, » p,ef erably at leaa abo „, 70%> ye , m 

more preferably a, leas, abou, ,0%, and mos. preferably a, leas, ahou, 95% o ZT 

homologous ,o rhe nucleotide sequence shown in SEQ ID NO- 1 

of ,h T*""*: *• nUC ' eiC aC,d m ° leC "' e ° f * e inVe " ,i0 " - "I— only a portion 
30 *ch , , a, leaa, ahou, 50%, preferably a, leas, ahou, 60%, more prefembly a ,eas, abou, 

70/., ye more preferably a, !e« abou, 80%, still more preferably a, leas. abou. 90% 

shown m SEQ ID NO: 1, f„ r example a fragmen. which can be used as a probe or prime, 
era f rag , encodilg , bjo]ogjcal|y acUve P n™, 

«S de.em.nec from me cloning of d,e POC-, gene from a mouse allows for .he geZoT 

n oTe Z 1" ^ ~ ^ »<*-' 

m ourer cell types, e .g. ftom otirer tissues, as well as PGC-1 homologues fiom o«her 
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mammals such as humans. The probe/primer typically comprises substantially purified 
oligonucleotide. The oligonucleotide typically comprises a region of nucleotide 
sequence that hybridizes under stringent conditions to at least about 12, preferably at 
least about 25, more preferably about 40, 50 or 75 consecutive nucleotides of SEQ ID 
5 NO:l sense, an anti-sense sequence of SEQ ID NO:l, or naturally occurring mutants 
thereof. Primers based on the nucleotide sequence in SEQ ID NO:l can be used in PCR 
reactions to clone PGC-1 homologues. Probes based on the PGC-1 nucleotide 
sequences can be used to detect transcripts or genomic sequences encoding the same or 
homologous proteins. In preferred embodiments, the probe further comprises a label 
1 0 group attached thereto, e.g. the label group can be a radioisotope, a fluorescent 

compound, an enzyme, or an enzyme co-factor. Such probes can be used as a part of a 
diagnostic test kit for identifying cells or tissue which misexpress a PGC-1 protein, such 
as by measuring a level of a PGC-1 -encoding nucleic acid in a sample of cells from a 
subject e.g., detecting PGC-1 mRNA levels or determining whether a genomic PGC-1 
1 5 gene has been mutated or deleted. 

In one embodiment, the nucleic acid molecule of the invention encodes a protein 
or portion thereof which includes an amino acid sequence which is sufficiently 
homologous to an amino acid sequence of SEQ ID NO:2 such that the protein or portion 
thereof maintains one or more of the following biological activities: 1) it can interact 
20 with (e.g., bind to) PPARy; 2) it can modulate PPARy activity; 3) it can modulate UCP 
expression; 4) it can modulate thermogenesis in adipocytes, e.g., thermogenesis in 
brown adipocytes, or muscle; 5) it can modulate oxygen consumption in adipocytes or 
muscle; 6) it can modulate adipogenesis, e.g., differentiation of white adipocytes into 
brown adipocytes; 7) it can modulate insulin sensitivity of cells, e.g., insulin sensitivity 
25 of muscle cells, liver cells, adipocytes; 8) it can interact with (e.g., bind to) nuclear 

hormone receptors, e.g., the thyroid hormone receptor, the estrogen receptor, the retinoic 
acid receptor; 9) it can modulate the activity of nuclear hormone receptors; and 10) it 
can interact with (e.g., bind to) the transcription factor C/EBPcc. 

As used herein, the language "sufficiently homologous" refers to proteins or 
30 portions thereof which have amino acid sequences which include a minimum number of 
identical or equivalent (e.g., an amino acid residue which has a similar side chain as an 
amino acid residue in SEQ ID NO:2) amino acid residues to an amino acid sequence of 
SEQ ID NO:2 such that the protein or portion thereof maintains one or more of the 
following biological activities: 1) it can interact with (e.g., bind to) PPARy; 2) it can 
35 modulate PPARy activity; 3) it can modulate UCP expression; 4) it can modulate 

thermogenesis in adipocytes, e.g., thermogenesis in brown adipocytes, or muscle; 5) it 
can modulate oxygen consumption in adipocytes or muscle; 6) it can modulate 
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preferably at least ahnuf «no/ , /o ' yet more 

my M jeasi about 80%, still more preferably at least about QfW 

Portions of proteins encoded by the PGC-1 nueleic acid molecule of the 
— are preferably biologically active PortionsofmePGc/ ^ ^ used 
herein, the term "biologically active portion of PGP 1 " " ■ ♦ A 
e.g., a domain/motif, of PGC-1 that ha, ' \ * mClUde 3 P ° rti ° n ' 

15 interact with (e.g., b nd to^PPARy 2 w " "T? 6 f ° ,,0Win8 J > k - 

v umu toj rrARy; 2) it can modu ate PPARv artivin,. -n 

tomato UCP 4) „ cm modulaK tmm J*Z££- 

tatoogenes,* « brown adipocy.es, Mmuscle; 5) it can modulate 

b.nd to) noclear hormone receptors, e.g., toe toy roid homK)ne mxm>1 *™° <eg " 
receptor, toe rainoic acid receptor; 9, it can modrnato 

25 as dJS^3 * and yeas, .wo-hybrid assay, 
uea nerem, can be performed to determine the ability of a PGP l nmt • 

nuclear hormone receptors If the PGP i^i , ' ' Y ' C/EBPa > ™* 
C/EBP* a „H/ , T molecules are found to interact with PPARv 

assay, the ful, length promoter and enhance of UCP J^ZL I ? "* " 

such as chloramphenicol acetyltransferase (CAtZ, t h , ' ^ ^ 
same h™. «.n u 'y ,iran sierase (CAT) and introduced into host cells The 
same host cells can then be transfected with PPARv/R YRrv ,„„ , • . 

ncrxbng ,he PGC. nrolecule. An increase or decrease in CAT ac,ivi«y indiea.es a 
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modulation of UCP expression and since UCP expression is known to be a cntical 
component in the cascade of events leading to elevated thermogenesis, this assay can 
also measure the ability of the PGC-1 molecule to modulate thermogenesis in 
adipocytes. 

5 The above described assay for testing the ability of a PGC-1 molecule to 

modulate UCP expression can also be used to test the ability of the PGC-1 molecule to 
modulate adipogenesis, e.g., differentiation of white adipose tissue to brown adipose 
tissue, as UCP expression is specific to brown adipose tissue. If a PGC-1 molecule can 
modulate UCP expression is can most likely modulate the differentiation of white 
10 adipose tissue to brown adipose tissue. Alternatively, the ability of a PGC-1 molecule to 
modulate the differentiation of white adipose tissue to brown adipose tissue can be 
measured by introducing a PGC-1 molecule into a cell, e.g., a white adipocyte, and 
measuring the number of mitochondria in the cell as compared to the number of 
mitochondria in a control cell which does not contain the PGC-1 molecule. As brown 
15 adipocytes are known to contain substantially greater numbers of mitochondria than 
white adipocytes, an increase or decrease in the number of mitochondria (or in a 
mitochondrial marker such as cytochrome c oxidase) in the test cell as compared to the 
control cell indicates that the PGC-1 molecule can modulate differentiation of white 
adipose tissue to brown adipose tissue. 
20 The ability of a PGC-1 molecule to modulate insulin sensitivity of a cell can be 

determined by performing an assay in which cells, e.g., muscle cells, liver cells, or 
adipocytes, are transformed to express the PGC-1 protein, incubated with radioactively 
labeled glucose ("C glucose), and treated with insulin. An increase or decrease in 
glucose in the cells containing PGC-1 as compared to the control cells indicates that the 
25 PGC-lcanmodulateinsulinsensitivityofthecells. M^^y,^so^n, 
PGC-1 can be incubated with a radioactively labeled phosphate source (e.g., FP]ATP) 
and treated with insulin. Phosphorylation of proteins in the insulin pathway, e.g., insulin 
receptor, can then be measured. An increase or decrease in phosphorylation of a protein 
in the insulin pathway in cells containing PGC-1 as compared to the control cells 
30 indicates that the PGC-1 can modulate insulin sensitivity of the cells. 

In one embodiment, the biologically active portion of PGC-1 comprises a 
domain or motif. Examples of such domains/motifs include a tyrosine phosphorylation 
site a cAMP phosphorylation site, a serine-arginine (SR) rich domain, an RN A binding 
motif and an LXXLL (SEQ ID NO:3) motif which mediates interaction with a nuclear 
35 receptor In a preferred embodiment, the biologically active portion of the prote.nwh.ch 
includes the domain or motif can modulate differentiation of white adipocytes to brown 
adipocytes and/or thermogenesis in brown adipocytes. These domains are described in 
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dM herein. Additional nucleic acid fragments encodjng bio| 

PGC.1 can he prepared by isolating a ^ rf « hl,*^" 

Theinveminnftmher encompasses nucleic acid molecules ihat differ fromute 
sequence shown „ SEQ ID NO: I (and portions „ereo 0 dna ,o ot 
me gene ,c code and thus encode me same PGC-1 prorein aa ,ha, encoded byT 
nucleondeseinenceshownioSEQmNO:!. In another embodiment anisola, d 

.0 * acd molecule of me invention has a nucleolide sequence encod^ ^ 1 
havmg an ammo acid sequence shown in SEQ ID NO-2 or a orotein h, • 
aeid sequence which is a, leas, about 50%, « t Z^^" 
nrefe^hl J^ 3 ^ about 70%, yet more preferably, at least about 80%^sUI^more 
refenmly a, leas, abou. 90%, and most preferably a. leas, about 95% or more 

15 homologous to the amino acid sequence of SEQ ID NO-2 

will be addW0 "A 0 m0,Be P0C " 1 nUC ' e0,ide i" SEQ ID NO l i, 

lea , °' h " geS ' n,he ™" t ' ac ' d »'I''«--ofPGC-, may exist within a population 

"the POC-I gene may ex.st among individuals wimin a population due to natund 

He he vanation. As used herein, me tenns -gene- and -recombinant Z ! referT 

nuc e,e ac.d molecules compHsing an open reading tae 8 p ^_^ 

preferably a mammalian, e.g., human, PGC-1 protein Such nanJ IwT 

tvoicallv r^ilt in i «/ • • natural allelic variations can 

25 Td J 7 V3nanCe m ^ nUC,e ° tide S ^ Uence of th * PGC-1 gene Any 
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Accordingly, i„ anomer embodiment, an isolated nucleic acid molecule of the 
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the nucleic acid molecule comprising the nucleotide sequence of SEQ ID NO:l or a 
nucleotide sequence which is about 60%, preferably at least about 70%, more preferably 
at least about 80%, still more preferably at least about 90%, and most preferably at least 
about 95% or more homologous to the nucleotide sequence of SEQ ID NO:l. In other 
5 embodiments, the nucleic acid is at least 30, 50, 100, 250 or 500 nucleotides in length. 
As used herein, the term "hybridizes under stringent conditions" is intended to describe 
conditions for hybridization and washing under which nucleotide sequences at least 60% 
homologous to each other typically remain hybridized to each other. Preferably, the 
conditions are such that sequences at least about 65%, more preferably at least about 
10 70% and even more preferably at least about 75% or more homologous to each other 
typically remain hybridized to each other. Such stringent conditions are known to those 
skilled in the art and can be found in Current Protocols in Molecular Biology, John 
Wiley & Sons, N.Y. (1989), 6.3.1-6.3.6. A preferred, non-limiting example of stringent 
hybridization conditions are hybridization in 6X sodium chloride/sodium citrate (SSC) 
1 5 at about 45°C, followed by one or more washes in 0.2 X SSC, 0.1% SDS at 50-65°C. 
Preferably, an isolated nucleic acid molecule of the invention that hybridizes under 
stringent conditions to the sequence of SEQ ID NO:l corresponds to a naturally- 
occurring nucleic acid molecule. As used herein, a "naturally-occurring" nucleic acid 
molecule refers to an RNA or DNA molecule having a nucleotide sequence that occurs 
20 in nature (e.g., encodes a natural protein). In one embodiment, the nucleic acid encodes 

a natural human PGC-1 . 

In addition to naturally-occurring allelic variants of the PGC-1 sequence that 
may exist in the population, the skilled artisan will further appreciate that changes can be 
introduced by mutation into the nucleotide sequence of SEQ ID NO:l, thereby leading 
25 to changes in the amino acid sequence of the encoded PGC-1 protein, without altering 
the functional ability of the PGC-1 protein. For example, nucleotide substitutions 
leading to amino acid substitutions at "non-essential" amino acid residues can be made 
in the sequence of SEQ ID NO:l. A "non-essential" amino acid residue is a residue that 
can be altered from the wild-type sequence of PGC-1 (e.g., the sequence of SEQ ID 
30 NO:2) without altering the activity of PGC-1, whereas an "essential" amino acid residue 
is required for PGC-1 activity. For example, amino acid residues involved in the 
interaction of PGC-1 to PPARy are most likely essential residues of PGC-1 . Other 
amino acid residues, however, (e.g., those that are not conserved or only semi-conserved 
between mouse and human) may not be essential for activity and thus are likely to be 
35 amenable to alteration without altering PGC-1 activity. 

Accordingly, another aspect of the invention pertains to nucleic acid molecules 
encoding PGC-1 proteins that contain changes in amino acid residues that are not 
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nucleotide searches can be performed performed with the NBLAST program, score - 
100, wordlength = 12 to obtain nucleotide sequences homologous to nucleic acid 
molecules of the invention. BLAST protein searches can be performed with the 
XBLAST program, score = 50, wordlength = 3 to obtain amino acid sequences 
5 homologous to protein molecules of the invention. To obtain gapped alignments for 
comparison purposes, Gapped BLAST can be utilized as described in Altschul et al., 
1997 Nucleic Acids Research 25(17):3389-3402. When utilizing BLAST and Gapped 
BLAST programs, the default parameters of the respective programs (e.g., XBLAST and 
NBLAST) can be used. See http://www.ncbi.nlm.nih.gov. Another preferred, non- 
10 limiting example of a mathematical algorithim utilized for the comparison of sequences 
is the algorithm ofMyers and Miller, CABIOS 1989. Such an algorithm is incorporated 
into the ALIGN program (version 2.0) which is part of the GCG sequence alignment 
software package. When utilizing the ALIGN program for comparing amino acid 
sequences, a PAM120 weight residue table, a gap length penalty of 12, and a gap 
15 penalty of 4 can be used. 

An isolated nucleic acid molecule encoding a PGC-1 protein homologous to the 
protein of SEQ ID NO:2 can be created by introducing one or more nucleotide 
substitutions, additions or deletions into the nucleotide sequence of SEQ ID NO:l or a 
homologous nucleotide sequence such that one or more amino acid substitutions, 
20 additions or deletions are introduced into the encoded protein. Mutations can be 
introduced into SEQ ID NO:l or the homologous nucleotide sequence by standard 
techniques, such as site-directed mutagenesis and PCR-mediated mutagenesis. 
Preferably, conservative amino acid substitutions are made at one or more predicted 
non-essential amino acid residues. A "conservative amino acid substitution" is one in 
25 which the amino acid residue is replaced with an amino acid residue having a similar 
side chain. Families of amino acid residues having similar side chains have been 
defined in the art. These families include amino acids with basic side chains (e.g., 
lysine, arginine, histidine), acidic side chains (e.g., aspartic acid, glutamic acid), 
uncharged polar side chains (e.g., glycine, asparagine, glutamine, serine, threonine, 
30 tyrosine, cysteine), nonpolar side chains (e.g., alanine, valine, leucine, isoleucine, 
proline, phenylalanine, methionine, tryptophan), beta-branched side chains (e.g., 
threonine, valine, isoleucine) and aromatic side chains (e.g., tyrosine, phenylalanine, 
tryptophan, histidine). Thus, a predicted nonessential amino acid residue in PGC-1 is 
preferably replaced with another amino acid residue from the same side chain family. 
35 Alternatively, in another embodiment, mutations can be introduced randomly along all 
or part of a PGC-1 coding sequence, such as by saturation mutagenesis, and the resultant 
mutants can be screened for a PGC-1 activity described herein to identify mutants that 
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hypoxanthine, xanthine, 4-acetylcytosine, 5-(carboxyhydroxylmethyl) uracil, 5- 
carboxymethylaminomethyl-2-thiouridine, 5-carboxymethylaminomethyluracil, 
dihydrouracil, beta-D-galactosylqueosine, inosine, N6-isopentenyladenine, 1- 
methylguanine, 1-methylinosine, 2,2-dimethylguanine, 2-methyladenine, 2- 
5 methylguanine, 3-methylcytosine, 5-methylcytosine, N6-adenine, 7-methylguanine, 5- 
methylaminomethyluracil, 5-methoxyaminomethyl-2-thiouracil,beta-D- 
mannosylqueosine, S'-methoxycarboxymethyluracil, 5-methoxyuracil, 2-methylthio-N6- 
isopentenyladenine, uracil-5-oxyacetic acid (v), wybutoxosine, pseudouracil, queosine, 
2-thiocytosine, 5-methyl-2-thiouracil, 2-thiouracil, 4-thiouracil, 5-methyluracil, uracil-5- 
10 oxyacetic acid methylester, uracil-5-oxyacetic acid (v), 5-methyl-2-thiouracil ) 3-(3- 

amino-3-N-2-carboxypropyl) uracil, (acp3)w, and 2,6-diaminopurine. Alternatively, the 
antisense nucleic acid can be produced biologically using an expression vector into 
which a nucleic acid has been subcloned in an antisense orientation (i.e., RNA 
transcribed.from the inserted nucleic acid will be of an antisense orientation to a target 
1 5 nucleic acid of interest, described further in the following subsection). 

The antisense nucleic acid molecules of the invention are typically administered 
to a subject or generated in situ such that they hybridize with or bind to cellular mRNA 
and/or genomic DNA encoding a PGC-1 protein to thereby inhibit expression of the 
protein, e.g., by inhibiting transcription and/or translation. The hybridization can be by 
20 conventional nucleotide complementarity to form a stable duplex, or, for example, in the 
case of an antisense nucleic acid molecule which binds to DNA duplexes, through 
specific interactions in the major groove of the double helix. An example of a route of 
administration of an antisense nucleic acid molecule of the invention includes direct 
injection at a tissue site. Alternatively, an antisense nucleic acid molecule can be 
25 modified to target selected cells and then administered systemically. For example, for 
systemic administration, an antisense molecule can be modified such that it specifically 
binds to a receptor or an antigen expressed on a selected cell surface, e.g., by linking the 
antisense nucleic acid molecule to a peptide or an antibody which binds to a cell surface 
receptor or antigen. The antisense nucleic acid molecule can also be delivered to cells 
30 using the vectors described herein. To achieve sufficient intracellular concentrations of 
the antisense molecules, vector constructs in which the antisense nucleic acid molecule 
is placed under the control of a strong pol II or pol III promoter are preferred. 

In yet another embodiment, the antisense nucleic acid molecule of the invention 
is an a-anomeric nucleic acid molecule. An a-anomeric nucleic acid molecule forms 
35 specific double-stranded hybrids with complementary RNA in which, contrary to the 
usual p-units, the strands run parallel to each other (Gaultier et al. (1987) Nucleic Acids. 
Res. 15:6625-6641). The antisense nucleic acid molecule can also comprise a 2'-o- 



WO 98/54220 

PC17US98/11048 

-25- 

methylribonucleotideanoueet ^ (19^7) Nucleic Acids Res 15 6131 614^ 
chimeric RNA-DNA analogue (Inoue et al. (1987) FEBS Z.e« 21^ 327^330) 

• riboj:ir er ^^ 

noozyme. Ribozymes are catalytic RNA molecules u/itk -J , 
5 ^bleofc.eavingasing^edn^ 

(descnbed ,n Haselhoff and Gerlach (1988) We 334-585 59H. , u , 
catalyticallv cleave Prr i dx, A ^-585-591)) can be used to 

mRNA A K u tranSCriptS t0 inhibit ^^tion of PGC-1 

mRNA. A nbozyme having specificity for a Pnr i 

constructed in which the nucleotide sequence of*, ,VS ^ ca " •* 

nucleotide sequence t o he Ceaved LTpgcI 1 ,TT " T to .he 

U.S.PatentNo 4 987 07. j7r ? 8raRNA ' S «- '6. Cech et al. 

25 fl^ggombinant Expression >^nr^andjfostCeljs 

herein, the term "vector- refen, ,„ ( P< " , "' n ' here0f) - As "*« 

ano.etnuc.eicXw^T^^rT'Tr' 60 ^^" 8 
30 "hichreferstu.circultuduuhe^uONA , ^f^'V^d-, 
— can he ,i g a,ed. J^^ZT T"" 
DNA se gm e„ B can he Hgated into Z vJ^rT ^ , 

t rcpuauoni " ah ~-^^^~ ( eirr e r 



WO 98/54220 



PCT/US98M048 



-26- 



15 



which they are operatively linked. Such vectors are referred to herein as "expression 
vectors" In general, expression vectors of utility in recombinant DNA techniques are 
often in the form of plasmids. In the present specification, "plasmid" and "vector" can 
be used interchangeably as the plasmid is the most commonly used form of vector. 
5 However, the invention is intended to include such other forms of expression vectors, 
such as viral vectors (e.g., replication defective retroviruses, adenoviruses and adeno- 
associated viruses), which serve equivalent functions. 

The recombinant expression vectors of the invention comprise a nucleic acid of 
the invention in a form suitable for expression of the nucleic acid in a host cell, which 
10 means that the recombinant expression vectors include one or more regulatory 

sequences, selected on the basis of the host cells to be used for expression, which is 
operatively linked to the nucleic acid sequence to be expressed. Within a recombinant 
expression vector, "operably linked" is intended to mean that the nucleotide sequence of 
interest is linked to the regulatory sequence(s) in a manner which allows for expression 
of the nucleotide sequence (e.g., in an in vitro transcription/translation system or in a 
host cell when the vector is introduced into the host cell). The term "regulatory 
sequence" is intended to includes promoters, enhancers and other expression control 
elements (e.g., polyadenylation signals). Such regulatory sequences are described, for 
example, in Goeddel; Gene Expression Technology: Methods in Enzymology 185, 
Academic Press, San Diego, CA (1990). Regulatory sequences include those which 
direct constitutive expression of a nucleotide sequence in many types of host cell and 
those which direct expression of the nucleotide sequence only in certain host cells (e.g., 
tissue-specific regulatory sequences). It will be appreciated by those skilled in the art 
that the design of the expression vector can depend on such factors as the choice of the 
25 host cell to be transformed, the level of expression of protein desired, etc. The 

expression vectors of the invention can be introduced into host cells to thereby produce 
proteins or peptides, including fusion proteins or peptides, encoded by nucleic acids as 
described herein (e.g., PGC-1 proteins, mutant forms of PGC-1, fusion proteins, etc.). 
The recombinant expression vectors of the invention can be designed for 
30 expression of PGC-1 in prokaryotic or eukaryotic cells. For example, PGC-1 can be 
expressed in bacterial cells such as E. coli, insect cells (using baculovirus expression 
vectors) yeast cells or mammalian cells. Suitable host cells are discussed further in 
Goeddel, Gene Expression Technology: Methods in Enzymology 185, Academic Press, 
San Diego, CA (1990). Alternatively, the recombinant expression vector can be 
35 transcribed and translated in vitro, for example using 17 promoter regulatory sequences 
and T7 polymerase. 



20 



WO 98/54220 

PCT/US98/11048 

-27- 

encoded .heroin nan! , 0 ^ ,™ , * "** 3 ° f «** » a protein 

of the recombinant protein by acting as a lig Jin aff miTv r " 

expression vecrors, a proteolytic Java™ T P™«««on. Often, in tusion 

moiety and the «JL££Z£" T", " U ' eiUnC,i0 " ^ 

therr cognare recognition ^ ; v ,h f 

Typical fusion expression vectors inc Je ^EX 1 T " 

and PRIT5 (Pharmacia, Pisca taway NJ) £££ *T ^ BW *«> ""«*• «*» 
15 maltose E binding JL „ _ ! / "* ^"""i 0 "' S «>ase (GST), 

expression vector ,„ create a vector eZL'^ * "" 0 * P ° EX 

terminus ,„ to c. lemillus ,3" T T f ™> «« N- 

rermrnus, GST-thrombm c eavage site-PGr lTk.it- 
be purrfied by affinity daw*™*. usin . * " ^ ' ' The «""> P"> K '" <» 

thrombin. 7 C,eava 8 e of fi^on protein with 

Examples of suitable inducible non-fusion /r M r 

25 California (1990) 60-89> Ta „ , W ' ademi<: ^ San Die 8o, 

expression from the pET <d verT-uL^ Pr0nWKr - ^ 8aK 

promoter. * " "* """^P"""! control of the lacUV 5 

-combman, protein (OoftesnTs CaPaC " y " -» -he 

35 4^, ,85 Acl " c p2 c' n ""*«*«* * 

, ia(,99o) " , - ,28) - AnM - 



10 



15 



PCT/US98/11048 

WO 98/54220 

-28- 

preferentially utilized in E. coli (Wada et al. (1992) Nucleic Acids Res. 20:21 1 1-21 18). 
Such alteration of nucleic acid sequences of the invention can be carried out by standard 

DNA synthesis techniques. 

In another embodiment, the PGC-1 expression vector is a yeast express^ 
5 vector. Examples of vectors for express^^ 

(Baldari, et al., (1987) Embo J. 6:229-234), pMFa (Kurjan and Herskowi^ ( 982) Cell 
' 30:933-943), P JRY88 (Schultz et al., (1987) Gene 54: 1 13-123), and P YES2 (Inv.trogen 

Corporation, San Diego, CA). 

Alternatively, PGC-1 can be expressed in insect cells using baculovirus 
expression vectors. Baculovirus vectors available for expression of proteins in cultured 
insect cells (e g., Sf 9 cells) include the P Ac series (Smith et al. (1983) Mol. Cell Bwl 
3-2156-2165) and the pVL series (Lucklow and Summers (1989) Virology 170:31-39). 

In yet another embodiment, a nucleic acid of the invention is expressed in 
mammalian cells using a mammalian expression vector. Examples of an 
expression vectors include P CDM8 (Seed, B. (1987) Nature 329:840) and pMT2PC 
(Kaufman et al. (1987) EMBO J. 6:187-195). When used in mammalian cells, the 
expression vector's control functions are often provided by viral regulatory elements. 
For example, commonly used promoters are derived from polyoma, Adenovirus 2 
cytomegalovirus and Simian Virus 40. For other suitable expression systems for both 
prokaryotic and eukaryotic cells see chapters 16 and 17 of Sambrook, J., Fntsh, E. F., 
and Maniatis, T. Molecular Cloning: A Laboratory Manual. 2nd, ed, ColdSpnng 
Harbor Laboratory, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 

1989. „ . 

In another embodiment, the recombinant mammalian expression vector is 

25 capable of directing expression of the nucleic acid preferentially in a particular cell type 
(eg tissue-specific regulatory elements are used to express the nucleic acid). Tissue- 
specific regulatory elements are known in the art. Non-limiting examples of suitable 
tissue-specific promoters include the albumin promoter (liver-specific; Pinkert et aL 
(1987) Genes Dev. 1:268-277), lymphoid-specific promoters (Calame and Eaton (1988) 
30 Ad, Immunol. 43:235-275), in particular promoters of T cell receptors (Winotc > and 
Baltimore (1989) EMBO J. 8:729-733) and immunoglobulins (Banerji et al. (1983) Cell 
33-729-740- Queen and Baltimore (1983) Cell 33:741-748), neuron-specific promoters 
(e g the neurofilament promoter; Byrne and Ruddle (1989) PNAS 86:5473-5477), 
pancreas-specific promoters (Edlund et al. (1985) Science 230:912-916), and mammary 
35 gland-specific promoters (e.g., milk whey promoter; U.S. Patent No. 4,873,316 and 
European Application Publication No. 264,166). Developmentally-regulated promoters 
are also encompassed, for example the murine hox promoters (Kessel and Gruss (1990) 
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Laboratory Manual 2nd, ed, Cold Spring Harbor Laboratory, Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, NY, 1989), and other laboratory manuals. 

For stable transfection of mammalian cells, it is known that, depending upon the 
expression vector and transfection technique used, only a small fraction of cells may 
5 integrate the foreign DNA into their genome. In order to identify and select these 
integrants, a gene that encodes a selectable marker (e.g., resistance to antibiotics) is 
generally introduced into the host cells along with the gene of interest. Preferred 
selectable markers include those which confer resistance to drugs, such as G418, 
hygromycin and methotrexate. Nucleic acid encoding a selectable marker can be 
10 introduced into a host cell on the same vector as that encoding PGC-1 or can be 

introduced on a separate vector. Cells stably transfected with the introduced nucleic 
acid can be identified by drug selection (e.g., cells that have incorporated the selectable 
marker gene will survive, while the other cells die). 

A host cell of the invention, such as a prokaryotic or eukaryotic host cell in 
15 culture, can be used to produce (i.e., express) PGC-1 protein. Accordingly, the 

invention further provides methods for producing PGC-1 protein using the host cells of 
the invention. In one embodiment, the method comprises culturing the host cell of . 
invention (into which a recombinant expression vector encoding PGC-1 has been 
introduced) in a suitable medium until PGC-1 is produced. In another embodiment, the 
20 method further comprises isolating PGC-l from the medium or the host cell. 

The host cells of the invention can also be used to produce nonhuman transgenic 
animals. The nonhuman transgenic animals can be used in screening assays designed to 
identify agents or compounds, e.g., drugs, pharmaceuticals, etc., which are capable of 
ameliorating detrimental symptoms of selected disorders such as weight disorders or 
25 disorders associated with insufficient insulin activity. For example, in one embodiment, 
a host cell of the invention is a fertilized oocyte or an embryonic stem cell into which 
PGC-l-coding sequences have been introduced. Such host cells can then be used to 
create non-human transgenic animals in which exogenous PGC-1 sequences have been 
introduced into their genome or homologous recombinant animals in which endogenous 
30 PGC-1 sequences have been altered. Such animals are useful for studying the function 
and/or activity of PGC-1 and for identifying and/or evaluating modulators of PGC-1 
activity. As used herein, a "transgenic animal" is a nonhuman animal, preferably a 
mammal, more preferably a rodent such as a rat or mouse, in which one or more of the 
cells of the animal includes a transgene. Other examples of transgenic animals include 
35 nonhuman primates, sheep, dogs, cows, goats, chickens, amphibians, etc. A transgene is 
exogenous DNA which is integrated into the genome of a cell from which a transgenic 
animal develops and which remains in the genome of the mature animal, thereby 
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••knock out" vector). Alternatively, the vector can be designed such that, upon 
homologous recombination, the endogenous PGC-1 gene is mutated or otherwise altered 
but still encodes functional protein (e.g., the upstream regulatory region can be altered to 
thereby alterthe expression ofthe endogenous PGC-1 protein). In the homologous 
5 recombination vector, the altered portion ofthe PGC-1 gene is flanked at ,ts 5 and 3 
ends by additional nucleic acid ofthe PGC-1 gene to allow for homologous 
recombination to occur between the exogenous PGC- 1 gene carried Iby the vector and an 
endogenous PGC-1 gene in an embryonic stem cell. The additional flanking PGC-1 
nucleic acid is of sufficient length for successful homologous recombination w,th 
,0 endogenous Typically, several kilobases of flanking DN A (bodi at the 5 and 3 
ends) are included in the vector (see e.g., Thomas, K.R. and Capecchx, M. R. (1987) Cell 
51-503 for a description of homologous recombination vectors). The vector is 
introduced into an embryonic stem cell line (e.g., by electroporation) and cells m which 
the introduced PGC-1 gene has homologously recombined with the endogenous PGC-1 
15 gene are selected (see e.g., Li, E. et al. (1992) Cell 69:915). The selected cells are then 
' injected into a blastocyst of an animal (e.g., a mouse) to form aggregation chimeras (see 
eg Bradley, A. in Teratocarcinomas and Embryonic Stem Cells: A Practical 
Approach, E.J. Robertson, ed. (IRL, Oxford, 1987) pp. 1 13-152). A chimeric embryo 
can then be implanted into a suitable pseudopregnant female foster animal and the 
20 embryo brought to term. Progeny harboring the homologously recombmed DNA m 
their germ cells can be used to breed animals in which all cells ofthe ammal contam the 
homologously recombined DNA by germline transmission ofthe transgene. Methods 
for constructing homologous recombination vectors and homologous recombinant 
animals are described further in Bradley, A. (1991) Current Opinion in Biotechnology 
25 2:823-829andinPCTlntemationalPublicationNos, WO90/1135 **™^* 
al.; WO 91/01 140 by Smithies et al.; WO 92/0968 by Zijlstra et al.; and WO 93/04169 

byBernsetal. , 
In another embodiment, transgenic nonhumans animals can be produced which 
contain selected systems which allow for regulated expression ofthe transgene. One 
30 example of such a system is the crefloxP recombinase system of bacteriophage PI . For 
a description ofthe cre/loxP recombinase system, see, e.g., Lakso et al. (1992) PNAS 
89 6232-6236. Another example of a recombinase system is the FLP recombinase 
system of Saccharomyces cerevisiae (OGorman et al. (1991) Science 251:1351-1355 If 
a cre/loxP recombinase system is used to regulate expression ofthe transgene, animals 
35 containing transgenes encoding both the Cre recombinase and a selected protein are 
required. Such animals can be provided through the construction of "double transgenic 
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nun me cell, e.g, the somatic cell, is isolated. 

components offte«lb^LT '° t ePra,ei " " SePM,ed *- «"* 
of PGC , proteinhaving ^^Z^^^^ 

protein or biologically active portion ,h7 f " ' "* K^' 1 

about 20%, more oreferahlv I™. ,i. ,. ' , e " culture med,ur n "Presents less than 
5% of me olle ZTl 7 ° % ' " 4 ™ *- *« 

which the protein j, T * """"""^ ° f PGC -' P rotti ° » 

involved in the synmXf me ™e T "™ °' *" *» » 

having leas than about 30% (by dry * Z o c ell " re " * * 
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chemicals, still more preferably less than about 10% chemical precursors or non-PGC-1 
chemicals, and most preferably less than about 5% chemical precursors or non-PGC-1 
chemicals In preferred embodiments, isolated proteins or biologically acUve portions 

5 is derived. Typically, such proteins are produced by recombinant expression of, for 
example, a human PGC-1 protein in a nonhuman cell. 

An isolated PGC-1 protein or a portion thereof of the mvenuon has one or more 
of the following biological activities: 1) it can interact with (e.g., bind to) PPARy; 2 it 
can modulate PPARy activity; 3) it can modulate UCP expression; 4) it can modulate 
10 thermogenesis in adipocytes, e.g., thermogenesis in brown adipocytes, or muscle; 5) * 
can modulate oxygen consumption in adipocytes or muscle; 6) it can modulate 
adipogenesis, e.g., differentiation of white adipocytes into brown adipocytes; 7) it can 
modulate insulin sensitivity of cells, e.g., insulin sensitivity of muscle cells, liver cells, 
adipocytes; 8) it can interact with (e.g., bind to) nuclear hormone receptors e.g., the 
1 5 thyroid hormone receptor, the estrogen receptor, the retinoic acid receptor; 9) it can 
modulate the activity of nuclear hormone receptors; and 1 0) it can «-«^ «*• 
bind to) the transcription factor C/EBPa. In a preferred embodiment, the PGC-1 protein 
can modulate differentiation of white adipocytes to brown adipocytes and/or 
thermogenesis in brown adipocytes or muscle cells. 
20 In preferred embodiments, the protein or portion thereof comprises an ammo 

acid sequence which is sufficiently homologous to an amino acid sequence of SEQ ID 
NO:2 such that the protein or portion thereof maintains the ability to modulate 
differentiation of adipocytes and/or thermogenesis in brown adipocytes. The portion of 
the protein is preferably a biologically active portion as described herein. In another 
25 ^erredem:diment,thePGC-l protein (i.e., amino acid residues 1-797) = 
acid sequence shown in SEQ ID NO:2 or an amino acid sequence which is at least about 
50% preferably at least about 60%, more preferably at least about 70%, yet more 
preferably at least about 80%, still more preferably at least about 90% and most 
preferably at least about 95% or more homologous to the amino acid sequence shown m 
30 SEQ ID NO-2. In yet another preferred embodiment, the PGC-1 protein has an ammo 
acid sequence which is encoded by a nucleotide sequence which hybridizes, e.g 
hybridizes under stringent conditions, to the nucleotide sequence of SEQ ID NO:l or a 
nucleotide sequence which is at least about 50% preferably at least about 60%, more 
preferably at least about 70%, yet more preferably at least about 80%, still more 
35 preferably at least about 90% and most preferably at least about 95% or more 

homologous to the nucleotide sequence shown in SEQ ID NO:l . The preferred PGC-1 
proteins of the present invention also preferably possess at least one of the PGC-1 



25 



30 



35 



WO 98/54220 

PCT/US98/11048 

-35- 

biological activities described herein. For example a preferred PCC , . • „ 
present invention includes an amino acid sequence encnH I ? ° f 

of SEQ ID NO 2 vLTfT^ "* fUnCti0nal "** of * e P-tein 

and most preferably at lit ab" ^ ***** * ta ab0Ut 9 ^ 

of SEQ ID NO:2. homologous to the amino acid sequence 

5 Biologically active portions of the PGC 1 nm^i„ • . 

exhibit at least one activity of the POP l ™, ■ t 1 pr0tein ' ^ 

50, 100 or more amino acids in length) comnri,. »' A ' ' ' ^ 39 ' 40 ' 

phosphorylation site a cAMP „ 2 7 T n ""' X e - g " a 

P^cnnJC^~,Zr tate ^"^ ePW - 1 
~W p ,o,ei„ puniication ■^^J^T"'" ^ — 

4 Alternative to recombinant expression, a PGC- 



PCMJS98/11048 

WO 98/54220 

-36- 

1 protein, polypeptide, or peptide can be synthesized ehemieally using standard peptide 
synthesis techniques. Moreover, native PGC-1 protein can be isolated from cells (e g., 
brown adipocytes), for example using an anti-PGC-1 antibody (described further below). 
The invention also provides PGC-1 chimeric or fusion proteins. As used herem, 
5 a PGC-1 "chimeric protein" or "fusion protein" comprises a PGC-1 polypept.de 
operatively linked to a non-PGC-1 polypeptide. A "PGC-1 polypeptide" refers to a 
polypeptide having an amino acid sequence corresponding to PGC-1, whereas a non- 
PGC-1 polypeptide" refers to a polypeptide having an amino acid sequence 
corresponding to a protein which is not substantially homologous to the PGC-1 protem, 
10 e g., a protein which is different from the PGC-1 protein and which is denved from the 
same or a different organism. Within the fusion protein, the term "operat.vely hnked is 
intended to indicate that the PGC-1 polypeptide and the non-PGC-1 polypept.de are 
fused in-frame to each other. The non-PGC-1 polypeptide can be fused to the N- 
terminus or C-terminus of the PGC-1 polypeptide. For example, in one embod.ment the 
15 fusion protein is a GST-PGC-1 fusion protein in which the PGC-1 sequences are fused 
to the C-terminus of the GST sequences (see Example IV). Such fusion proteins can 
facilitate the purification of recombinant PGC-1 . In another embodiment, the fus.on 
protein is a PGC-1 protein containing a heterologous signal sequence at its N-term.nus 
In certain host cells (e.g., mammalian host cells), expression and/or secretin of PGC-1 
20 can be increased through use of a heterologous signal sequence. 

Preferably a PGC-1 chimeric or fusion protein of the invention is produced by 
standard recombinant DMA techniques. For example, DNA fragments coding for the 
different polypeptide sequences are ligated together in-frame in accordance wnh 
conventional techniques, for example by employing blunt-ended or stagger-ended 
25 termini for ligation, restriction enzyme digestion to provide for appropriate tenrnn, 
filling-in of cohesive ends as appropriate, alkaline phosphatase treatment to avo.d 
undesirable joining, and enzymatic ligation. In another embodiment, the fusion gene 
can be synthesized by conventional techniques including automated DNA syntozers. 
Alternatively, PCR amplification of gene fragments can be carried out usmg anchor 
30 primers which give rise to complementary overhangs between two consecuuve gene 
fragments which can subsequently be annealed and reamplified to generate a cmmenc 
gene sequence (see, for example, Current Protocols in Molecular Biology, eds. Ausubel 
et al John Wiley & Sons: 1992). Moreover, many expression vectors are commercially 
available that already encode a fusion moiety (e.g., a GST polypeptide). A PGC-1 - 
35 encoding nucleic acid can be cloned into such an expression vector such that the fus.on 
moiety is linked in-frame to the PGC-1 protein. 
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The present invention also pertains ,„ homology of lhe poc , „ m , . .. t 
fdncon as either a PGC-1 agonist <mime,ic)oraPGC , , i P«"«^whteh 

5 Thus, spec.fic biological effects can be elicited by tteabnen, wKh . k , 7 
K-Wtate .noneembodsn^,^,:^ ^ .Hff ■ 
subset of the biological activities of the namn,„y occu nT 2 „ f J" ^ 8 ' 

■hotnologue- rofers to a vanan, fonn of tire PGc" I T 1* *' 
amagonis, of dteacdvUy of J^-^r I KhK,SaSM ' a *™ ia '>' 
substaodaily fc Le^JeToft h ."T *"" ^ P, ° Ki " ~ 
.5 Ptotein. An antagonist of th ^ , ■ 0C - , 

Ute „cc urring fonn of „, pG P ™; "J ^"'"""--oftheacdvidesof 

binding to a downs*™, or upstroam ^ ~ '£ ^ ™e,y 
PGC, protein. Thus, the mammalian PGC-1 ^1^"^ k ^ 
present invention can be, for example either JT "Rogues Otereof of .he 

In an alternative embodiment, homologues of the Pr r i . • 
idendlied b y scroening combmatoria, *J7J^L " 
*e PGC- , protein for PGC-1 protein agonis> or ^STT T " 
a variegated library of POT i v,™ ♦ • y ' In one embodiment, 

PGC-1 variants can be pmdttced by for exit. ^ ™ e8ated '""^ ° f 

^etic o,i„L J J^^^r '» **« * «— <>f 
PGC, scuences is exprossib,e as Individ Jpot^ 

larger fusion proteins (en f„ rnh „... , ' P0 ' ypep ' ICK ' or alternanvely, as a set of 
30 .heroin. The, ,JZ^ ~ 
po.endal PGC, h„ m T 1 «» be used to produce libmnes of 

~er, a^ me syndic gen'e men C £^^1^ *» 
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(1983) Tetrahedron 39:3; Itakura et d. (1984) Anna. Re, Biochem. 53:323; Itakura et d. 
nm)Sciencem:\056;l^ctai.(^)NucleicAcidRes. 11:477. 

In addition, libraries of fragments of the PGC-1 protein coding can be used to 
generate a variegated population of PGC-1 fragments for screening and subsequent 
5 selection of homologues of a PGC-1 protein. In one embodiment, a library of coding 
sequence fragments can be generated by treating a double stranded PGR fragment of a 
PGC-1 coding sequence with a nuclease under conditions wherein nicking occurs only 
about once per molecule, denaturing the double stranded DNA, renaturing the DNA to 
form double stranded DNA which can include sense/antisense pairs from different 
10 nicked products, removing single stranded portions from reformed duplexes by 

treatment with SI nuclease, and ligating the resulting fragment library into an expression 
vector By this method, an expression library can be derived which encodes N-terminal, 
C-terminal and internal fragments of various sizes of the PGC-1 protein. 

Severd techniques are known in the art for screening gene products of 
15 combinatorial libraries made by point mutations or truncation, and for screening cDN A 
libraries for gene products having a selected property. Such techniques are adaptable for 
rapid screening of the gene libraries generated by the combinatorial mutagenesis of 
PGC-1 homologues. The most widely used techniques, which are amenable to high 
through-put analysis, for screening large gene libraries typically include clonmg the 
20 gene library into replicable expression vectors, transforming appropriate cells with the 
resulting library of vectors, and expressing the combinatorial genes under conditions in 
which detection of a desired activity facilitates isolation of the vector encoding the gene 
whose product was detected. Recrusive ensemble mutagenesis (REM), a new technique 
which enhances the frequency of functional mutants in the libraries, can be used » 
25 combination with the screening assays to identify PGC-1 homologues (Arkin and 
Yourvan (1992) PNAS 59:781 1-7815; Delgrave et d. (1993) Protein Engineering 
6(3):327-331). 

An isolated PGC-1 protein, or a portion or fragment thereof, can be used as an 
immunogen to generate antibodies that bind PGC-1 using standard techniques for 
30 polyclonal and monoclonal antibody preparation. The full-length PGC-1 protein can be 
used or, dternatively, the invention provides antigenic peptide fragments of PGC-1 for 
use as immunogens. The antigenic peptide of PGC-1 comprises at least 8 amino acid 
residues of the amino acid sequence shown in SEQ ID NO:2 or a homologous amino 
acid sequence as described herein and encompasses an epitope of PGC-1 such that an 
antibody raised agdnst the peptide forms a specific immune complex with PGC-1. 
Preferably, the antigenic peptide comprises at least 10 amino acid residues, more 
preferably at least 1 5 amino acid residues, even more preferably at least 20 amino acid 
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residues, and most preferably at least 30 amino acid residues. Preferred epitopes 
encompassed by the antigenic peptide are regions of PGC-1 that are located on the 
surface of the protein, e.g., hydrophilic regions. 

A PGC-1 immunogen typically is used to prepare antibodies by immunizing a 
5 suitable subject, (e.g., rabbit, goat, mouse or other mammal) with the immunogen An 
appropnate unmunogenic preparation can contain, for example, recombinantly 
expressed PGC-1 protein or a chemically synthesized PGC-1 peptide. The preparation 
can further mclude an adjuvant, such as Freund's complete or incomplete adjuvant or 
s,m.lar.mmunostimulatory agent. Immunization of a suitable subject with an ' 
10 .mmunogenic PGC-1 preparation induces a polyclonal anti-PGC-I antibody response 
Accordingly, another aspect of the invention pertains to anti-PGC-1 antibodies 
The term antibody- as used herein refers to immunoglobulin molecules and 
.mmunologically active portions of immunoglobulin molecules, i.e., molecules that 
contam an antigen binding site which specifically binds (immunoreacts with) an antigen 
15 -hasPGC-l.Examplesof^^ ^ 
molecules include F(ab) and F(ab') 2 fragments which can be generated by treating the 
antibody with an enzyme such as pepsin. The invention provides polyclonal and 
monoclonal antibodies that bind PGC-1. The term "monoclonal antibody" or 
"monoclonal antibody composition", as used herein, refers to a population of antibody 
20 molecules that contain only one species of an antigen binding site capable of 
.mmunoreacting with a particular epitope of PGC-1. A monoclonal antibody 
composition thus typically displays a single binding affinity for a particular PGC-1 
protein with which it immunoreacts. 

Polyclonal anti-PGC-1 antibodies can be prepared as described above by 
25 nnmumzing a suitable subject wilh a POC-I immunogen Tlre an.i-POC-1 antibody titer 
m the rmmunized subject can be montored over rime by standari ,ech„ iqiKS , such as 
wrth an enzyme linked immunosorbent assay (ELISA) using immobilized PGC-I If 
desrred, the antibody molecules directed against PGC-1 can be isolated from the ' 

30 proletn A cbnmarogmphy to obtain the IgG fraction. At an appropriate time after 

■mmumzation e g when me anri-PGC-l antibody titers are highest, antibody-producing 
cells c^n be obramed from the subject and used to prepare monoclonal antibodies by 

Tm ,eC tr- S " Ch ^ *" hybrid ° ma ,eChni,,Ue *-*- by KohlL 

3 5 ?2 VZTl } N T 256:495 " 497> (!Ma,so - Brown « <" 8 '" — 

cel, :1 ; t (m2) ""■ Ca " Cer * e — — "umaa B 

cell hybndoma techruque (Kozbor etal. (1983) Immunol Today 4:72), the EBV- 
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hybridoma technique (Cole et al. (1985), Monoclonal Antibodies and Cancer Therapy, 
Alan R. Liss, Inc., pp. 77-96) or trioma techniques. The technology for producing 
monoclonal antibody hybridomas is well known (see generally R. H. Kenneth, in 
Monoclonal Antibodies: A New Dimension In Biological Analyses, Plenum Publishing 
5 Corp., New York, New York (1980); E. A. Lerner (1981) Yale J. Biol. Med, 
54:387-402; M. L. Gefter et al. (1977) Somatic Cell Genet. 3:231-36). Briefly, an 
immortal cell line (typically a myeloma) is fused to lymphocytes (typically splenocytes) 
from a mammal immunized with a PGC-1 immunogen as described above, and the 
culture supernatants of the resulting hybridoma cells are screened to identify a 
10 hybridoma producing a monoclonal antibody that binds PGC-1. 

Any of the many well known protocols used for fusing lymphocytes and 
immortalized cell lines can be applied for the purpose of generating an anti-PGC-1 
monoclonal antibody (see, e : g., G. Galfre et al. (1977) Nature 266:55052; Gefter et al. 
Somatic Cell Genet., cited supra; Lerner, Yale J. Biol. Med, cited supra; Kenneth, 
15 Monoclonal Antibodies, cited supra). Moreover, the ordinarily skilled worker will 
appreciate that there are many variations of such methods which also would be useful. 
Typically, the immortal cell line (e.g., a myeloma cell line) is derived from the same 
mammalian species as the lymphocytes. For example, murine hybridomas can be made 
by fusing lymphocytes from a mouse immunized with an immunogenic preparation of 
20 the present invention with an immortalized mouse cell line. Preferred immortal cell 
lines are mouse myeloma cell lines that are sensitive to culture medium containing 
hypoxanthine, aminopterin and thymidine ("HAT medium 1 ')- Any of a number of 
myeloma cell lines can be used as a fusion partner according to standard techniques, 
e.g., the P3-NSl/l-Ag4-l, P3-x63-Ag8.653 or Sp2/0-Agl4 myeloma lines. These 
25 myeloma lines are available from ATCC. Typically, HAT-sensitive mouse myeloma 
cells are fused to mouse splenocytes using polyethylene glycol ("PEG"). Hybridoma 
cells resulting from the fusion are then selected using HAT medium, which kills unfused 
and unproductive^ fused myeloma cells (unfused splenocytes die after several days 
because they are not transformed). Hybridoma cells producing a monoclonal antibody 
30 of the invention are detected by screening the hybridoma culture supernatants for 
antibodies that bind PGC-1, e.g., using a standard ELISA assay. 

Alternative to preparing monoclonal antibody-secreting hybridomas, a 
monoclonal anti-PGC-1 antibody can be identified and isolated by screening a 
recombinant combinatorial immunoglobulin library (e.g., an antibody phage display 
35 library) with PGC-1 to thereby isolate immunoglobulin library members that bind PGC- 
1. Kits for generating and screening phage display libraries are commercially available 
(e.g., the Pharmacia Recombinant Phage Antibody System, Catalog No. 27-9400-01; and 
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the hwl^ PHage DtsptayKtt, Catelog No. 240612). Additionally 

-metung anobody display library can be found in, for example, LaL e. a! U S 
Paten, No. 5,223,409; Rang e, al. PCT International Pllblication No . wo 02/186 „. 

5 Do„ere,al.PCTI„,erna t i„„a 1 P„b li ea ti o„No.W091/ 1 727 I ;Wi„,er«a 1 PCT 

nTwoT", LtT 0 : W ° To' 9 ' ; Mark ' Md " " PCT — Pubiica-ion 
No WO 92/15679, Breuhng e, al. PCT International Pub]icalio „ w0 

MeCaffeny e, al. PCT International Publication No. WO 92/01047; Gamed c. d PCT 

International Publication No. WO 92/09690- Ladner rvx ■ . • . 
10 NoWOOn/manon ,. , ,La<lnere,al pcT ' n tetnat.onal Publication 

No. WO 90/02809 Fuchs c, al. (1991)il, ( „T e rt„ () /o S ,9 : 1370-1372; Hay et al (1992) 

*-^^»«»3;8 1 - 8 5;H US e« ! U. (1 9,9) &1 e n ee246; I 27L28 1 

896 ct ? "T' £M °" 2 ™ Hawkins « al. (1992,,. M,/. 226-889- 
96 Oartcson „ nl. (l99l) „„,„, ^ & ^ M» 

15 A^TZ Tr ' (, "'> ^^'t'373-,377; Hoogenboom e, al. ,1991) Mr 
.5 Arf*. ,9;4133-4,37; Barbas e, a.. (1,„) ™«, 88:7978-7982; ^ McC ' „ 
al. Nature (1990) 348:552-554. mccaiierty et 

Additionally, recombinant anti-PGC-l antibodies, such as chimeric and 
hmnanrzed monoclonal antibodies, comprising botb human and non-human portions 

20 TL elt "** reC ° mbinam DNA ^ - ~ -ope of 

■he mvention. Such ch,me„c and humanized monoclonal auribodies can be produced 

Z*r, m A ,ecb,iques ta "" in - for °-* — — ■ 

. Robmson et al. Imemanonal Application No. PCT/US86/02269; Akira « al Euronean 
Paten, Application 184,187; Taniguchi, M„ European Pa tt „, Applicad. y,,^ ^ 
Momson e, al. European Paten, Application 1 73,494- Neuberaer e, al PCT , .- , 

Eumpea, .Paten, Applica,ion ,25,023; Bener e, al. <1988) & te„ce 240: 04,-1043 U„ 

in , my . _ . ' naw et aL v 1 J Natl. Cancer Inst. 80: 1 553- 

214 W Tu\ n (,985 > &fe »" 22 '«02-1207; Oi etal. (1986)^0*^ 
4.214, W,n,er U.S. Paten, 5,225,539; Jones e, al. (1986) Nature 321:552-525- 

35 1 bv J"t T.'"? 0 " 1 mab0dy ^ m0n0Cl0na, """^ «» be •» i^lale POC 

a«, PGC-1 antibody can fac,l«a,e me purificalion of natural PGC-1 from cells ami of 
■ecombmanny produced PGC, expressed in hos, cells. Momover, an li-PGcT 
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antibody can be used to detect PGC-1 protein (e.g., in a cellular lysate or cell 
supernatant) in order to evaluate the abundance and pattern of expression of the PGC-1 
protein. Anti-PGC-1 antibodies can be used diagnostically to monitor protein levels in 
tissue as part of a clinical testing procedure, e.g., to, for example, determine the efficacy 
5 of a given treatment regimen. Detection can be facilitated by coupling (i.e., physically 
linking) the antibody to a detectable substance. Examples of detectable substances 
include various enzymes, prosthetic groups, fluorescent materials, luminescent 
materials, bioluminescent materials, and radioactive materials. Examples of suitable 
enzymes include horseradish peroxidase, alkaline phosphatase, p-galactosidase, or 
10 acetylcholinesterase; examples of suitable prosthetic group complexes include 

streptavidin/biotin and avidin/biotin; examples of suitable fluorescent materials include 
umbelliferone, fluorescein, fluorescein isothiocyanate, rhodamine, 
dichlorotriazinylamine fluorescein, dansyl chloride or phycoerythrin; an example of a 
luminescent material includes luminol; examples of bioluminescent materials include 
15 luciferase, luciferin, and aequorin, and examples of suitable radioactive material include 
125 I, 13, I, 35 Sor 3 H. 

TV. Pharmaceutical Compositions 

The PGC-1 nucleic acid molecules, PGC-1 proteins, PGC-1 modulators, and 
20 anti-PGC-1 antibodies (also referred to herein as "active compounds") of the invention 
can be incorporated into pharmaceutical compositions suitable for administration to a 
subject, e.g., a human. Such compositions typically comprise the nucleic acid molecule, 
protein, modulator, or antibody and a pharmaceutically acceptable carrier. As used 
herein the language "pharmaceutically acceptable carrier" is intended to include any and 
25 all solvents, dispersion media, coatings, antibacterial and antifungal agents, isotonic and 
absorption delaying agents, and the like, compatible with pharmaceutical administration. 
The use of such media and agents for pharmaceutically active substances is well known 
in the art. Except insofar as any conventional media or agent is incompatible with the 
active compound, such media can be used in the compositions of the invention. 
30 Supplementary active compounds can also be incorporated into the compositions. 

A pharmaceutical composition of the invention is formulated to be compatible 
with its intended route of administration. Examples of routes of administration include 
parenteral, e.g., intravenous, intradermal, subcutaneous, oral (e.g., inhalation), 
transdermal (topical), transmucosal, and rectal administration. Solutions or suspensions 
35 used for parenteral, intradermal, or subcutaneous application can include the following 
components: a sterile diluent such as water for injection, saline solution, fixed oils, 
polyethylene glycols, glycerine, propylene glycol or other synthetic solvents; 
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antibacterial agents such as benzvl alcnfv.1 nr ™»»v, i 

ST? "* - Ci0al « - 1*"*— - agents fc adjustment of 

water, Cremophor EI™ « a e P p . x Penological saline, bactenostatic 
all ca.ec r ' ParSlppan y' NJ > or Phosphate buffered saline (PBS) In 

all cases, the composition must be sterile and should be fluid tn * . T 

can be mamtained, for ex „ p , e , by fc ^ ^^i^ZL ^ 

Lt 7 , Tt" ° f ^ ° f —»■— « * achieved 
ascorb.c ac>d, utimerosal, and the like. In many cases it will h. , 

tncorporaung <he aenve eomponnd i„ t „ a sterile vehicle which contains a Lie 
dtsperston median, and the required other ingredients from ri. 
the case of sterile now*« f J.k "Sred'" 15 *"» those enumerated above. In 

01 SKnle I"""™ «>r the preparation of sterile injeelable solutions the 

sterile-filtered solution thereof. in gredient from a previously 
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Oral compositions generally include an inert diluent or an edible carrier. They 
can be enclosed in gelatin capsules or compressed into tablets. For the purpose of oral 
therapeutic administration, the active compound can be incorporated with excipients and 
used in the form of tablets, troches, or capsules. Oral compositions can also be prepared 
5 using a fluid carrier for use as a mouthwash, wherein the compound in the fluid earner is 
applied orally and swished and expectorated or swallowed. Pharmaceutical^ 
compatible binding agents, and/or adjuvant materials can be included as part of the 
composition. The tablets, pills, capsules, troches and the like can contain any of the 
following ingredients, or compounds of a similar nature: a binder such as 
10 microcrystalline cellulose, gum tragacanth or gelatin; an excipient such as starch or 
lactose, a disintegrating agent such as alginic acid, Primogel, or corn starch; a lubricant 
such as magnesium stearate or Sterotes; a glidant such as colloidal silicon dioxide; a 
sweetening agent such as sucrose or saccharin; or a flavoring agent such as peppermint, 
methyl salicylate, or orange flavoring. 
15 For administration by inhalation, the compounds are delivered in the form of an 

aerosol spray from pressured container or dispenser which contains a suitable propellant, 
e.g., a gas such as carbon dioxide, or a nebulizer. 

Systemic administration can also be by transmucosal or transdermal means. For 
transmucosal or transdermal administration, penetrants appropriate to the barrier to be 
20 permeated are used in the formulation. Such penetrants are generally known in the art, 
and include, for example, for transmucosal administration, detergents, bile salts, and 
fusidic acid derivatives. Transmucosal administration can be accomplished through the 
use of nasal sprays or suppositories. For transdermal administration, the active 
compounds are formulated into ointments, salves, gels, or creams as generally known in 

25 the art. . . , - tU 

The compounds can also be prepared in the form of suppositories (e.g., with 

conventional suppository bases such as cocoa butter and other glycerides) or retention 

enemas for rectal delivery. 

In one embodiment, the active compounds are prepared with carriers that will 
30 protect the compound against rapid elimination from the body, such as a controlled 

release formulation, including implants and microencapsulated delivery systems. 

Biodegradable, biocompatible polymers can be used, such as ethylene vinyl acetate, 

polyanhydrides, polyglycolic acid, collagen, polyorthoesters, and polylactic acid. 

Methods for preparation of such formulations will be apparent to those skilled in the art. 
35 The materials can also be obtained commercially from Alza Corporation and Nova 

Pharmaceuticals, Inc. Liposomal suspensions (including liposomes targeted to infected 

cells with monoclonal antibodies to viral antigens) can also be used as pharmaceutical^ 
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2 C ^~ ™- can be prepared according to methods known to those skilled 
in the art, for example, as described in U.S. Patent No. 4,522 811 

It is especially advantageous to formulate oral or parenteral compositions in 
*°~fo^ Dosage unit form 

to be treated; each umt containing a predetermined quantity of active compound 
calculated to produce the desired therapeutic effect in association with the required 

dt7edT C H ' SPeCifiC3ti0n f ° r ^ Unh f ° ms mention are 
10 1 ^ 

oTcomo^r 

of compoundmg such an active compound for the treatment of individuals 

as sen Jh ' ^ "** ^ be ^ int0 ™*» *>d used 

as gen therapy vectors. Gene therapy vectors can be delivered to a subject by for 

example, mtravenous injection, local administration (see U.S. Patent 5,328,470) or by 

15 stereotactic injection (see e.g., Chen eta.. (1994)^591:3054-3057) The 

pharmaceutical preparation of the gene therapy vector can include the gene therapy 

vector m an acceptable diluent, or can comprise a slow release matrix in which the gene 

« 7 h " beddCd WhCre ™** ■« ^ery vecto 

can be produced mtact from recombinant cells, e.g. retroviral vectors, the 

20 pharmaceutical preparation can include one or more cells which produce the gene 
delivery system. 5 

The pharmaceutical compositions can be included in a container, pack or 
dispenser together with instructions for administration. 

25 V- Uses anH Methods nf th» Tn,,^,^ 

and t? C / UC ! eiC m ° ,eCU,eS ' P ° ,ype P tides ' P 01 Wide homologues, modulators 

drug screemng assays; 2) diagnostic assays; and 3) methods of treatment A PGC-1 

30 ZZTf inVCnti r ^ ° r ^ ° f 3CtiVitieS d6SCribed herein - d - thus 
30 be used to, for example, modulate adipocyte differentiation, thermogenesis in brown 
adipocytes, ^ insulin sensitivhy „ ^ ^ ^ 

; ,S ° ,ated nUC ' eiC ^ " ° f *» inVenti0 " - * - - express • 
PGC-1 proton (e g., via a recombinant expression vector in a host cell in gene therapy 

^r^^ 1 ^^ 1 ^^"^^^ ^addition 
the PGC-1 proteins can be used to screen drugs or compounds which modulate PGC-1 ' 
protein activity as well as to treat disorders characterized by insufficient production of 
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PGC-1 protein or production of PGC-1 protein forms which have decreased activity 
compared to wild type PGC-1. Moreover, the anti-PGC-1 antibodies of the invention 
can be used to detect and isolate PGC-1 protein and modulate PGC-1 protein activity. 

5 a . Drug Screening Assays : 

The invention provides methods for identifying compounds or agents which can 
be used to treat disorders characterized by (or associated with) aberrant or abnormal 
PGC-1 nucleic acid expression and/or PGC-1 polypeptide activity. These methods are 
also referred to herein as drug screening assays and typically include the step of 
1 0 screening a candidate/test compound or agent for the ability to interact with (e.g., bind 
to) a PGC-1 protein, to modulate the interaction of a PGC-1 protein and a target 
molecule, and/or to modulate PGC-1 nucleic acid expression and/or PGC-1 protein 
activity. Candidate/test compounds or agents which have one or more of these abilities 
can be used as drugs to treat disorders characterized by aberrant or abnormal PGC-1 
1 5 nucleic acid expression and/or PGC-1 protein activity. Candidate/test compounds 
include, for example, 1) peptides such as soluble peptides, including Ig-tailed fusion 
peptides and members of random peptide libraries (see, e.g., Lam, K.S. et al. (1991) 
Nature 354:82-84; Houghten, R. et al. (1991) Nature 354:84-86) and combinatorial 
chemistry-derived molecular libraries made of D- and/or L- configuration amino acids; 
20 2) phosphopeptides (e.g., members of random and partially degenerate, directed 
phosphopeptide libraries, see, e.g., Songyang, Z. et al. (1993) Cell 72:767-778); 3) 
antibodies (e.g., polyclonal, monoclonal, humanized, anti-idiotypic, chimeric, and single 
chain antibodies as well as Fab, F(ab') 2 , Fab expression library fragments, and epitope- 
binding fragments of antibodies); and 4) small organic and inorganic molecules (e.g., 
25 molecules obtained from combinatorial and natural product libraries). 

In one embodiment, the invention provides assays for screening candidate/test 
compounds which interact with (e.g., bind to) PGC-1 protein. Typically, the assays are 
cell-free assays which include the steps of combining a PGC-1 protein or a biologically 
active portion thereof, and a candidate/test compound, e.g., under conditions which 
30 allow for interaction of (e.g., binding of) the candidate/test compound to the PGC-1 
protein or portion thereof to form a complex, and detecting the formation of a complex, 
in which the ability of the candidate compound to interact with (e.g., bind to) the PGC-1 
polypeptide or fragment thereof is indicated by the presence of the candidate compound 
in the complex. Formation of complexes between the PGC-1 protein and the candidate 
35 compound can be quantitated, for example, using standard immunoassays. 

In another embodiment, the invention provides screening assays to identify 
candidate/test compounds which modulate (e.g., stimulate or inhibit) the interaction (and 
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ZL" M y Tl " well) h — a P0C -' - d » «-*> 

ZL ? w " : h,hePQC -' «-**»— ^i-™* 

molecules mclude proteins i„ the ^ signalil , 8 ^ as fc pGc ., P ^ 
protems winch may taction upslrean (includi ^ ^ 

«Z> * ' • ^ hOn " 0ne rece P' ors sul:h 35 thyroid hormone 

ce .or, the estrogen rocepto,, and to mtinoic acid ^ „ „ , * £Z 

insulin sensitivity, e.g., PPARy. Typically, the assays are cell-free assays whicMncIude 
die steps of combining a PGC-1 protein „ ra biologically active poroonLiTaPGC 

dre presence of the candidate compound, dte PGC-I protein or biologically 
pom n .hereof interacts with <e.g., binds t0) fc ^ ^ 
fonnatron of a complex which includes lhe POC, protein and the targe, mollle or 
^7 *■ --.^reaction of*. PGC-1 p r „, ein and the tat.e, Loot 
De.ee. on of complex formation can inclnde direct ouantitarion of the complex by for 
example, measuring inductive effects of the PGC-1 protein. A statistically shtnjficant 
change, such as a decrease, in the interaction of the PGC-1 and ,*ge, moec7( 7 n 
dre fomtauon of a complex between the PGC-1 astd the target mo,Le)tb^ 
of a candidate compound (relative ,„ what is detected in the absence of 1. cartdidT 
20 oompound, ,s mdicative of a modulation (e.g., s ,i m „, at i on „ r inhibilion) 

nreraction between dte PGC-1 protein and rhe targe, molecule. Modulation of the 
formatton of complexes between me PGC-1 protein and the tatge, molee ZL be 
quan.td.ted using, for example, an immun^ssay. 

25 PGC 1 ™ rf" 1 " lhe , a "° Ve < " U8 ^ " is desirabte to mobilize either 

PGC-1 -'^e.moleeuletofaciltutesep^tionofeomp.exesfamuncomplexed 
forms of one or both of the plains, as well as to aeeommodate automation JZL 
'".emotion (e . g ., binding of) „ pGc ., , o , * 

of a Candida* compound, oan be accomplished in any vessel suitable for on^m "he 
aTm? , ,' °" e emb0dimenl - 3 fUSi ° n ^ «- >* P-vided which adds 

ZC.*T; h£po, T de,otebou " dtoa "'^ - 

bead! Zfr! ,T ' yPeP ' ideS " bC adSOrtKd — -Poarose 
bead (Stgma Chemtcal, St. Louis, MO) or gl utalhio „e derivatized microtitie plates 
whtch are then combined wid, the eel, lysates (e.g. 3 5S -,abe,ed, and the caltT 
35 compound, and the mixturo incubated under conditions eond Jve to cZ^tlti 

washed ,„ remove any unbound label , ^ ^ ^ 
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determined directly, or in the supernatant after the complexes are dissociated. 
Alternatively, the complexes can be dissociated from the matrix, separated by SDS- 
PAGE, and the level of PGC-1 -binding polypeptide found in the bead fraction 
quantitated from the gel using standard electrophoretic techniques. 
5 Other techniques for immobilizing polypeptides on matrices can also be used in 

the drug screening assays of the invention. For example, either PGC-1 or its target 
molecule can be immobilized utilizing conjugation of biotin and streptavidin. 
Biotinylated PGC-1 molecules can be prepared from biotin-NHS (N-hydroxy- 
succinimide) using techniques well known in the art (e.g., biotinylation kit, Pierce 
10 Chemicals, Rockford, IL), and immobilized in the wells of streptavidin-coated 96 well 
plates (Pierce Chemical). Alternatively, antibodies reactive with PGC-1 but which do 
not interfere with binding of the polypeptide to its target molecule can be derivatized to 
the wells of the plate, and PGC-1 trapped in the wells by antibody conjugation. As 
described above, preparations of a PGC-1 -binding polypeptide and a candidate 
15 compound are incubated in the PGC-1 -presenting wells of the plate, and the amount of 
complex trapped in the well can be quantitated. Methods for detecting such complexes, 
in addition to those described above for the GST-immobilized complexes, include 
immunodetection of complexes using antibodies reactive with the PGC-1 target 
molecule, or which are reactive with PGC-1 polypeptide and compete with the target 
20 molecule; as well as enzyme-linked assays which rely on detecting an enzymatic activity 
associated with the target molecule. 

In yet another embodiment, the invention provides a method for identifying a 
compound (e.g., a screening assay) capable of use in the treatment of a disorder 
characterized by (or associated with) aberrant or abnormal PGC-1 nucleic acid 
25 expression or PGC-1 polypeptide activity. This method typically includes the step of 
assaying the ability of the compound or agent to modulate the expression of the PGC-1 
nucleic acid or the activity of the PGC-1 protein thereby identifying a compound for 
treating a disorder characterized by aberrant or abnormal PGC-1 nucleic acid expression 
or PGC-1 polypeptide activity. Disorders characterized by aberrant or abnormal PGC-1 
30 nucleic acid expression or PGC-1 protein activity are described herein. Methods for 
assaying the ability of the compound or agent to modulate the expression of the PGC-1 
nucleic acid or activity of the PGC-1 protein are typically cell-based assays. For 
example, cells which are sensitive to ligands which transduce signals via a pathway 
involving PGC-1 can be induced to overexpress a PGC-1 protein in the presence and 
35 absence of a candidate compound. Candidate compounds which produce a statistically 
significant change in PGC-1 -dependent responses (either stimulation or inhibition) can 
be identified. In one embodiment, expression of the PGC-1 nucleic acid or activity of a 
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MC-1 ink is modulated „ cells md ^ effecB 

1 prmetn-dependen, s,g„al cascade can be assayed. In preferred embodiment fc 

IT^h 1.: 0 !™ e ^ W(S ^ Mteif ^)»«>^eaage„eZ« 
. atcatberead.lyde.ec.ed. Phosphorylation of PGC-1 orPOC, targe, moluCn 
also be measured, for example, by immunoblotting 

.0 whicb canT"!. n, ° dl " a " >reof PQC - ] »*■. — «P»— (eg., componnds 

nuctac acd express™ or PGC-1 proutin activity) can be identified in a method wherein 
a c II „ contacted with a candidate compound arm me expression ofPGC-1 mi^A „7 
protemm the cell is defined. The level of expression of PGC 1 mRWa 
^nceofmeoandidate ^^^^L^ 

can men be .dennfied as a modulator of PGC-1 nucleic acid expression based on L 
companson «, be used to .ear a disorder characterized by ablnt PGC- tit acid 
expreaston For example, when expression of PGC-1 mRNA orpolypepdde i ,7 

absence, me candidate compound is identified as a stimulator of PGC-1 nucleic acid^ 
exp^ston. Ahematively, when PGC-1 nucleic acid expression is less (s^T 
stgntficantly less) in me pmse^e of the candidate compound man m WZTTS. 

25 'tecnbedhere.nferdetectingPGC-lmRNAorprotain 

In yet another aspect of the invention, the PGC-1 proteins can be used as "bait 

al M9«f« f f " A °" 3) y BW 2 «^046-12054; Bartel e. 

1 fPGC 1 1 7 ^ <*« proteins, which bind ,„ „, interne, with PGC- 

ch PGC' btd" 6 " M " P0C ■'• bP " , m ° dUtatt P ° C -' M»- 

by me £ C i 2 P 'T " 3150 ' ikely '° te - «■ 

Z£T "■ exan,ple ' " or dow,s,ream ° f «- p oc.i 

35 fi« ™°^ hyWdSyS ^ kb ^ 0 " te "^^"a™ofm«^np«„„ 
facmrs .wh.chco^is.ofsepamb.e.DNA-bmdinga^acfivafion domains. « a 
al. Ustng ,he Two-Hybrid System ,„ Detect Protein-Protein .nations- l^L 
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Interactions in Development: A Practical Approach, Hartley, DA. ed. (Oxford 
University Press, Oxford, 1993) pp. 153-179. Briefly, the assay utilizes two different 
DNA constructs. In one construct, the gene that codes for PGC-1 is fused to a gene 
encoding the DNA binding domain of a known transcription factor (e.g., GAL-4). In the 
5 other construct, a DNA sequence, from a library of DNA sequences, that encodes an 
unidentified polypeptide ("prey" or "sample") is fused to a gene that codes for the 
activation domain of the known transcription factor. If the "bait" and the "prey" proteins 
are able to interact, in vivo, forming a PGC-1 -dependent complex, the DNA-bmdmg and 
activation domains of the transcription factor are brought into close proximity. This 
10 proximity allows transcription of a reporter gene (e.g., LacZ) which is operably linked to 
a transcriptional regulatory site responsive to the transcription factor. Expression of the 
reporter gene can be detected and cell colonies containing the functional transcription 
factor can be isolated and used to obtain the cloned gene which encodes the polypeptide 

which interacts with PGC-1 . 

15 Modulators of PGC-1 protein activity and/or PGC-1 nucleic acid expression 

identified according to these drug screening assays can be used to treat, for example, 
weight disorders, e.g. obesity, and disorders associated with insufficient insulin activity, 
e.g., diabetes. These methods of treatment include the steps of administering the 
modulators of PGC-1 protein activity and/or nucleic acid expression, e.g., in a 

20 pharmaceutical composition as described in subsection IV above, to a subject in need of 
such treatment, e.g., a subject with a disorder described herein. 



b. nia pnostic Assays : 

The invention further provides a method for detecting the presence of PGC-1 in a 
25 biological sample. The method involves contacting the biological sample with a 

compound or an agent capable of detecting PGC-1 polypeptide or mRNA such that the 
presence of PGC-1 is detected in the biological sample. A preferred agent for detecting 
PGC-1 mRNA is a labeled or labelable nucleic acid probe capable of hybridizing to 
PGC-1 mRNA. The nucleic acid probe can be, for example, the full-length PGC-1 
30 cDNA of SEQ ID NO: 1 , or a portion thereof, such as an oligonucleotide of at least 1 5, 
30, 50, 100, 250 or 500 nucleotides in length and sufficient to specifically hybridize 
under stringent conditions to PGC-1 mRNA. A preferred agent for detecting PGC-1 
protein is a labeled or labelable antibody capable of binding to PGC-1 protein. 
Antibodies can be polyclonal, or more preferably, monoclonal. An intact antibody, or a 
35 fragment thereof (e.g., Fab or F(abrfe> can be used. The term "labeled or labelable", 
with regard to the probe or antibody, is intended to encompass direct labeling of the 
probe or antibody by coupling (i.e., physically linking) a detectable substance to the 
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probe or amibody, as we,, as indirect labeling of the probe or antibody by reactivity with 
another reagent rha, is directly la be,ed. Examples of indirect ,abe.U.g J lnde 

If T " min8 a flUOreSCen " y ^ SeC °" d ^ -** -I eod.labe.ing 

5 smtpmv, m. The term "biological sample" is imendet. ,„ include lissuK> ce , |s ^ 
btoUtgtcal fluids is„la,ed from a subjec., as well as tissues, cells and fluids presen, 
wtrhm a subject. That is, the detection method „f the inventio „ 
PGC-l mRNA or protein in a biological santple /„ vta, as well as in v/vo. For example 
,» v,,ro techno for detection of pGc ., mRNA ^ hyDridi2ations J' 

10 ms-ruhybndzations. /n v/rro techniques for detection of PGC- 1 proline luT 

LTJul " ,,nU,nOSOrbe " , ^ W «-™ blots, im„mno P recipita, ions 

and tmmunofluorescence. Alternatively, PGC-l protein can in „•„„ in . 

subject by tntrtxiucing into the subject a labeWanti-PGCl antibotly. For example the 

■5 object can be deteettd by anutdatd imaging ,ech„ iques . 

^ The invention also encompasses kits for detecting the presence of PGC-l in , 
btologteal sample. For example, the ki, can comprise a labeled or labelable compound 
or agent capa ,e of detecting PGC-l pretein or mRNA in a biologlea, sample; mZ L 

of PGC-l ,„ the sample w„h a standard. The compound or agen, can be packaged in a 
suable corner. The kit can Anther comprtse instructions for using Jki. 
ru^-l mRNA or protein. 

Per t ^ T°f ° f "* inVen " 0n 00 a,S ° ^ USe " ,0 detet in a 

25 rf™, T' V de ' ermini ° 8 SUbjeC ' " i,h 1115 lKiMed »™ * " ri* for a 
25 dtsorder chamcterized by aberrant or abnomtal PGC-l nucleic acid expression or PGC- 1 

pro.™* as defined herein, .n prefereed embodimeota, me meLs melude 
doecung, ,„ a sample of cells from me subject, me presence or absence of a genetic 
leston characterized by at leas, one of an alretation aflecung the integrity of a gene 
encodmg a PGC-l protein, „r the misexpression of me PGC-l gene For examol . , , „ 
30 genetic .esions can be deteced by ascertaining the existence ofa, ^7. 'a "* 

^^.^r^-^ ,, - !J, ■' <l,< - , '-•■- 

„. « t ' substimtton of one or more nucleotides ofa PGC-l 

gene, 4) a ctaomosomal reammgement ofa PGC-l gene; 5) an al.em.ion in me level ofa 
merger RNA hanscrip, ofa PGC-l gene, 6) abermn, modification ofa PGC-l gene 
35 -^"^-emylationpanemofmegenomieDNA^mepresenceofanonwr 

z t prr , of a r ^ ,ra,,sc^ip, ° f a pgc -' ~ °> • 

level ofa PGOI-prmem, 9) allehe loss ofa PGC-l gene, and 10 ) inappmpriare „«, 
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translational modification of a PGC-1 -protein. As described herein, there are a large 
number of assay techniques known in the art which can be used for detecting lesions in a 
PGC-1 gene. 

In certain embodiments, detection of the lesion involves the use of a 
5 probe/primer in a polymerase chain reaction (PCR) (see, e.g. U.S. Patent Nos. 4,683,195 
and 4 683 202), such as anchor PCR or RACE PCR, or, alternatively, in a ligation chain 
reaction (LCR) (see, e.g., Landegran et al. (1988) Science 241:1077-1080; and 
Nakazawa et al. (1994) PNAS 91 :360-364), the latter of which can be particularly useful 
for detecting point mutations in the PGC-l-gene (see Abravaya et al. (1995) Nucleic 
10 Acids Res .23 :675-682). This method can include the steps of collecting a sample of 
cells from a patient, isolating nucleic acid (e.g., genomic, mRN A or both) from the cells 
of the sample, contacting the nucleic acid sample with one or more primers which 
specifically hybridize to a PGC-1 gene under conditions such that hybridization and 
amplification of the PGC-l-gene (if present) occurs, and detecting the presence or 
1 5 absence of an amplification product, or detecting the size of the amplification product 
and comparing the length to a control sample. 

In an alternative embodiment, mutations in a PGC-1 gene from a sample cell can 
be identified by alterations in restriction enzyme cleavage patterns. For example, 
sample and control DN A is isolated, amplified (optionally), digested with one or more 
20 restriction endonucleases, and fragment length sizes are determined by gel 

electrophoresis and compared. Differences in fragment length sizes between sample and 
control DN A indicates mutations in the sample DN A. Moreover, the use of sequence 
specific ribozymes (see, for example, U.S. Patent No. 5,498,531) can be used to score 
for the presence of specific mutations by development or loss of a ribozyme cleavage 
25 site. 

In yet another embodiment, any of a variety of sequencing reactions known in 
the art can be used to directly sequence the PGC-1 gene and detect mutations by 
comparing the sequence of the sample PGC-1 with the corresponding wild-type (control) 
sequence. Examples of sequencing reactions include those based on techniques 

30 developed by Maxim and Gilbert ((1977) PNAS 74:560) or Sanger ((1977) PNAS 
74:5463). A variety of automated sequencing procedures can be utilized when 
performing the diagnostic assays ((1995) Biotechniques 19:448), including sequencing 
by mass spectrometry (see, e.g., PCT International Publication No. WO 94/1 6101 ; 
Cohen et al. (1996) Adv. Chromatogr. 36:127-162; and Griffin et al. (1993) Appl 

35 Biochem. Biotechnol. 38:147-159). 

Other methods for detecting mutations in the PGC-1 gene include methods in 
which protection from cleavage agents is used to detect mismatched bases in RNA/RNA 
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pZ*Z d Tr: (My r et al - (l985) science m:mi) > - 

Ib rl f ' (1 " 2)Metk EnZym ° L 217 ^-295), electrophoretic 

mob,hty of mutant and wild type nucleic acid is compared (Orita et al (1989) PNAS 

App 9.73-79), and movement of mutant or wild-type fragments in po.yacrylamide gels 
contanung a grad.ent of denaturant is assayed using denaturing gradient gel 
e ectrophoresis (Myers et a, (1985) Nature 313:495). Examples of other techniques for 
dete ung pomt mutations include, selective oligonucleotide hybridization, selective 
amplification, and selective primer extension 

10 

c - Methods nfTWm^t 

abnounalPGC-l nucle,c acd expression a„d/or PGC-1 prntein acuviry. These methods 

nngaPGC-, modmater „ fc subject J, tol J^T 

Ah™ „ r abn0Imal P0C . , prottjn ac0 . vity ^ )o a ^ ^ 

20 .nvolved uyor exampte, a pamway involving adipocyte differenfiafinn, uU" lis 
■n brown adtpocyte, and insulin sensitivity, abenan, o, abnormal PGC-1 prZn 
ac,,vuy or nucleic acid expression mterferK ^ fc ^ 

metabohc funcons. Non-limiting examples of disorders or diseases charaoerized by or 
associated w,th abnormal or aberran, PGC-1 protein activity or ^ ^ 

25 mclude wcgh, disorder, e.g„ obesity, cachexia, anorexia, and disc*. asscJTd 3h 
utsufficen, msulin activity, e.g., diabetes . DisoKte ^ d J* 

dtsorders assoctatcd with abnonna. body weigh, or abnonna, con.ro! of body weigh, 
As used herem, me language "diseases associated with or characterized by insufficien, 
msuhn ac,,v,,y include disorder or diseases in which .here is an abnonna, of 
30 g W „e ,„ abnormal insulin fiction. AbnonM , teuljn ^ 

abnormally or .mpainnen, in insnlin , & _ y 

*ong ce,, ul ar organelles, such as insufin deficiency resnlfing fiom, forexample loss 
secret ^ m ^"yi* ' diabetes), secretion, such as impairment of insulin 

35 " N ' DDM ^ " **** fc f °™ 0f *• -lecule 

■tself, e.g., pnmary, secondary or teniary suucmre, effecte of insulin „„ terge, cells e a 

nsulm-rcs,^ in bodily fissues, e.g., peripheral ussucs, and responses 0 f tai g« £ 

,o msuhn. See Brnunwald, E. e,al. eds. Harrison, Pri„ci pl es of ,„La, Medicm 
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Eleventh Edition (McGraw-Hill Book Company, New York, 1987) pp. 1778-1797; 
Robbins, S.L. et al. Pathologic Basis of Disease, 3rd Edition (W.B. Saunders Company, 
Philadelphia, 1984) p. 972 for further descriptions of abnormal insulin activity in IDDM 
and N1DDM and other forms of diabetes. The terms "treating" or "treatment", as used 
5 herein, refer to reduction or alleviation of at least one adverse effect or symptom of a 
disorder or disease, e.g., a disorder or disease characterized by or associated with 
abnormal or aberrant PGC-1 protein activity or PGC-1 nucleic acid expression. 

As used herein, a PGC-1 modulator is a molecule which can modulate PGC-1 
nucleic acid expression and/or PGC-1 protein activity. For example, a PGC-1 
10 modulator can modulate, e.g., upregulate (activate) or downregulate (suppress), PGC-1 
nucleic acid expression. In another example, a PGC-1 modulator can modulate (e.g., 
stimulate or inhibit) PGC-1 protein activity. If it is desirable to treat a disorder or 
disease characterized by (or associated with) aberrant or abnormal (non-wild-type) PGC- 
1 nucleic acid expression and/or PGC-1 protein activity by inhibiting PGC-1 nucleic 
1 5 acid expression, a PGC-1 modulator can be an antisense molecule, e.g., a ribozyme, as 
described herein. Examples of antisense molecules which can be used to inhibit PGC-1 
nucleic acid expression include antisense molecules which are complementary to a 
portion of the 5' untranslated region of SEQ ID NO:l which also includes the start codon 
and antisense molecules which are complementary to a portion of the 3' untranslated 
20 region of SEQ ID NO: 1 . A PGC-1 modulator which inhibits PGC-1 nucleic acid 
expression can also be a small molecule or other drug, e.g., a small molecule or drug 
identified using the screening assays described herein, which inhibits PGC-1 nucleic 
acid expression. If it is desirable to treat a disease or disorder characterized by (or 
associated with) aberrant or abnormal (nOn-wild-type) PGC-1 nucleic acid expression 
25 and/or PGC-1 protein activity by stimulating PGC-1 nucleic acid expression, a PGC- 1 
modulator can be, for example, a nucleic acid molecule encoding PGC-1 (e.g., a nucleic 
acid molecule comprising a nucleotide sequence homologous to the nucleotide sequence 
of SEQ ID NO:l) or a small molecule or other drug, e.g., a small molecule (peptide) or 
drug identified using the screening assays described herein, which stimulates PGC-1 
30 nucleic acid expression. 

Alternatively, if it is desirable to treat a disease or disorder characterized by (or 
associated with) aberrant or abnormal (non-wild-type) PGC-1 nucleic acid expression 
and/or PGC-1 protein activity by inhibiting PGC-1 protein activity, a PGC-1 modulator 
can be an anti-PGC-1 antibody or a small molecule or other drug, e.g., a small molecule 
35 or drug identified using the screening assays described herein, which inhibits PGC-1 
protein activity. If it is desirable to treat a disease or disorder characterized by (or 
associated with) aberrant or abnormal (non-wild-type) PGC-1 nucleic acid expression 
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and/or PGC-1 protein activity by stimulating PGC-1 protein activity, a PGC-1 
modulator can be an active PGC-1 protein or portion thereof (e.g., a PGC-1 proteinor 
portmn thereof havmg an amino acid sequence which is homologous to the amino acid 

5 small molecule or drug identified using the screening assays described herein, which 
stimulates PGC-1 prolein activity. 

In addition, a subject having a weigh. disorter, e.g., obesity, can be treated 
aceordmg ,o the presen, invention by administering ,„ Ore subject , P0(M 

pomonteeoforanucleicacidencodingaPOC-l protein or portion thereof such «ha, 
10 tieaonen, occurs. Similarly, a subject having a disorder associated with 

sutiecTa'poc ^ " * ^ " * to the 

subject a PGC-1 proteu, or pomon drereof or a nucleic acid encoding a PGC-1 protein or 
portion thereof such that treatment occurs. 

Other aspects ofthe invention perutin to f OT „ 

15 assooated activity. These methods include contacting me cell with an agent (or a 
composition which includes an effective amount of an agent) which modulates PGC-1 
protern act,vi,y or PGC-1 nucleic acid expression such that a cell associated activity i s 
altered relative to a ceU associated activity of the cell in the absence of me agent M 

20 z . f ■ " a rv-"* - ac,ivi,y " ■** ,o a norawi <* *— > - 

H ^ ° f P""*"- .migration 
differentiation, product™ or secretion of molecules, such as proteins, ee.l survival and 

I" a preferred embodiment, the cell associated acrivny is thermog e " 
and me ce„ ,s a brown adipocyte. The term -ahered- as used herein refers toTZg 

stimulates PGC-1 pretem aenvrty or PGC-1 nucleic acid expression. Examples of such 
timu * ^ „„ acljve pQc ., ^ a mc|e . ^ ^ 

PGC- ma, ha, been mtreduced into me cel., and a modulatory age™ which stimulates 
P«M protem actmty or PGC-1 nucleic acid expression and which is identified using 
30 ^7^^^^"-". inanomerembodimen.meagen.^bhs 
PGC-1 protein activdy or PGC-1 nucleic acid expression. Examples of such inhibitory 
agents .ncludeanantiaensePGC, nucleic acid molecule, . anti-PGC, antibody Ida 
modulatory agent which inhibits PGC-1 pro,em activity or PGC-1 nucleic acid 
express** .and which is identified using me drug screening assays described herein. 

agen.) or, alternately, m vrvn (eg., by administering me agent te a subject, In a 
preferred embodiment, me modulatery methods are performed L v,v„, U. L cell is 
present widun a subject, e.g., a mammal, e.g., a human, and .he subjee h* a di^ or 
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disease characterized by or associated with abnormal or aberrant PGC-1 protein activity 
or PGC-1 nucleic acid expression. 

A nucleic acid molecule, a protein, a PGC-1 modulator, a compound etc. used in 
the methods of treatment can be incorporated into an appropriate pharmaceutical 
5 composition described herein and administered to the subject through a route which 
allows the molecule, protein, modulator, or compound etc. to perform its intended 
function. Examples of routes of administration are also described herein under 
subsection IV. 

This invention is further illustrated by the following examples which should not 
10 be construed as limiting. The contents of all references, patent applications, patents, an( 
published patent applications cited throughout this application are hereby incorporated 
by reference. 



15 EXAMPLES 

EXAMPLE I: IDENTIFICATION AND CHARACTERIZATION OF 

MOUSE PGC-1 

20 The mouse HIB IB cell line (Ross, R. el al. (1992) PNAS 89:7561-7565), a 

brown adipocyte cell line which expresses UCP, was differentiated and treated with 
isoproterenol to induce UCP expression. A cDNA library from the mouse HIB IB cell 
line was screened in a yeast two hybrid system using PPARy as bait and Clontech (Palo 
Alto, CA) reagents. Briefly, amino acids 183-505 of the murine PPARy were cloned in- 
25 frame into the GAL4 DNA-binding domain plasmid pAS2. A HIB IB cDNA 

expression library was constructed in the GAL4 activation domain plasmid pACT II. 
Yeast two-hybrid system protocol was described as as described in the CLONTECH 
Matchmaker two-hybrid system protocol. pAS-PPARy was transformed into Y190 yeast 
cells by the lithium acetate method and maintained by selection in leucine- plates. A 
30 pACT-HIB 1 B cDN A library was transformed into Y 1 90-PPARy yeast cells, and 

positive clones were assayed for p-galactosidase activity in a filter assay as described in 
the CLONTECH protocol. pASl lamin cDNA was used to obtain full-length PGC-1, 
the positive yeast cDNA clone was used as probe to screen an oligo dT XZAP cDNA 
library from HIB IB cells. 
35 A screen of 1 X 1 0 6 primary transformants using cDNAs prepared from HIB IB 

brown fat cells yielded about 130 clones. The cDNA inserts of positive phage clones 
were excised into pBluescript and both strands were sequenced by standard methods. 
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These were then analyzed for preferential expression in brown versus white fat with 
RNA blots. One of the clones obtained using this yeast two hybrid system was a partia, 
FOC-1 clonewhichcomprisednucleotides610to3066ofSEQIDNOl The full 

5 SoT r^oT^^ ned ^ USlng 3 ^ PGC " 1 C »— P--gnucleotides650to 
3 3066 of SEQ ID NO: 1 to screen a XZAP-HIB 1 B library. 

PGC-1 was then subcloned from a PBS plasmid to a PSV.sport (GIBCO BRL 
Ga,thersburg, MD) and in vitro translated using the TnT Promega kit (Promega ' 
Mad,son, WI). Two bands were observed in the in vitro translated PSV.sport PGC-1 
winch corresponded to the molecular weights of about 1 20 kD and 70 kD. Thesebands 
10 mosthkelyrepresentdifferentisoformsofPGC-1. The 120 kD form most likely 
represents the protein of SEQ ID NO:2. 

The nucleotide sequence of murine PGC-1 (shown in Figures 1 A, I A-l and 1A- 
2and SEQ ID NO: 1) includes 3066 nucleotides which encode a protein contain^ 
ammo acid residues with a predicted molecular mass of 92 kDa (Figure 2A) The 
murine PGC-1 protein sequence (shown in Figures 1A, 1A-1, 1A-2, and 2A and SEQ ID 
NO:2) has several domains/motifs including Databank searches indicate that PGC-1 
represents a novel protein with no close homologs in any databases except expressed 
sequence tag (EST) database, It does, however, contain recognizable peptide motifs 
including: a putative RNA-binding motif (amino acids 677-709) and two so-called SR 
domains regions that are rich in serine and arginine residues (amino acids 565-598 and 
61 7-63 1). Proteins containing paired RNA-binding motifs and SR domains have been 
shown to mteract with the C-terminal domain (CTD) of RNA polymerase II (Yuryev et 
al. {1996) Proc. Natl. Acad. Sci. USA 93:6975-6980). Except for these two regions 
however,PGC-l shares no other sequence similarity with other proteins that contain 
25 mese domains hi addition to these domains, PGC-1 also contains three consensus sites 
for phosphorylation by protein kinase A. However, no significant homology was 
discovered between PGC-1 and any known coactivator of nuclear receptors PGC-1 
does, however, contain one LXXLL motif (amino acids 142-146), recent.y identified as 

30 n otTr T mediatC DUdear rece P tor - co -tivator interactions (Heery et al. 

30 (1997) Nature 397:733-736; Torchiae, al. (1997) ^387:677-684) 

From these experiments, it is clear that PGC-1 is a new factor that interacts with 
tte .dipogenic : transcription factor PPAR 7 . Moreover, as it is known that Hgands of 
PPARy can induce the specific brown adipose tissue marker UCP, PPARy is believed to 

35 0 P l^~t hb ^ Thus, PGC-1 modulation 

35 of PPARy activty plays a role in brown adipose tissue differentiation, eg it can 
promote cells to differentiate into brown adipose cells rather than white adipose cells 
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EXAMPLE II: IDENTIFICATION OF HUMAN PGC-1 

To obtain the human PGC- 1 nucleic acid molecule, a cDNA library from a tissue 
in which PGC-1 is highly expressed can be screened under low stringency conditions 
5 (e.g., as described in Sambrook, J., Fritsh, E. F., and Maniatis, T. Molecular Cloning: A 
Laboratory Manual. 2nd, ed.. Cold Spring Harbor Laboratory, Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, NY, 1989). Northern blot analysis of human 
poly A RNA screened with a mouse full length cDNA probe (e.g., a probe having the 
sequence shown in SEQ ID NO:l) revealed high levels of expression of PGC-1 in 
10 human muscle, heart, brain, kidney and pancreas, with the highest levels of expression 
detected in human muscle and heart. Accordingly, a human muscle library, e.g., an 
oligo dT human muscle library, can be screened using a probe comprising the nucleotide 
sequence of SEQ ID NO:l or a portion thereof (e.g., nucleotides from the 5' region of 
SEQ ID NO: 1, e.g., nucleotides 1-50 of SEQ ID NO: I). By choosing clones at the 5' 
1 5 region of PGC-1 , the likelihood of obtaining full length clones is increased. Clones 

obtained from this screen can be sequenced and compared to the mouse sequence shown 
in SEQ ID NO:l to determine if they are the human PGC-1 molecule. If the clones are 
found to be partial clones, the cDNA library is rescreened with the partial human clone 
to obtain the full length human clone. 

EXAMPLE III: TISSUE DISTRIBUTION OF MOUSE PGC-1 AND COLD 
INDUCTION OF PGC-1 IN BROWN ADIPOSE TISSUE 

A Northern analysis of mRNA from lung, muscle, liver, heart, kidney, white 
adipose tissue (WAT), brown adipose tissue (BAT), brain, testis, and spleen tissue from 
4 week old mice acclimated at 24°C using a probe comprising nucleotides 150 to 3066 
of SEQ ID NO: 1 was performed. Briefly, total RNA was isolated from cultured cells 
and tissues of mouse by guanidine isothiocyanate extraction. RNA samples were 
processed as previously described (Tontonoz et al. (1994) Genes Dev. 8:1224-1234). 
Three bands appeared on the Northern blots that were larger than the 28S (5000-6000 
bp) marker. These bands most likely represent different isoforms of PGC-1. PGC-1 
mRNA was detected predominantly in brain, heart, kidney, and BAT. In addition, a 
minor species of approximately 8 kb is also observed in all of these tissues. In contrast, 
no PGC-1 mRNA expression is observed from white fat, lung, skeletal muscle, liver, 
testes, or spleen. 

Exposure to cold is a classical inducer of adaptive thermogenesis, especially in 
brown fat and skeletal muscle (Himms-Hagen (1989) Can. J. Physiol. Pharmcol. 
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ST* I M N0Bhem *** ° tm ™ A f '° m WAT ' BAT - - «« «— 

from 4 week „,d mKe „ ^ fom 3 fc u ^ 

1 P« M ^ " ™ Perf ° m,ed ' ^ ^ -»* " * ^ ( 

!C, ^ expression was BAT specific with no expression in WAT 

u 2 u mRNA " PreSSi ° n 18 "°' *"-* h — — *» N» 
« _antb,e„t temperature, expose of mice ,„ co.d for ,2 hr induces expression of the 

KC-J gene ,„ dns nttaue. Hear, and kidney, which express f>GC-/ mRNA at room 
10 T rato ' d0n 7' evattlhis «P--°'>"Poncoldexp„s l ne. PGC-1 induction during 

■0 -W^-eparnileismatofUCP.abmwnfatspeciflcmarkerrespo.ibiefor.he 
thermogenic activity of BAT. 

includin?B^TT' in,e, " S *" a " h0U8h P ° C -' " B "— d h 

tnclud ng BAT, from annuals acclimated to 24°C, it is no. expressed in WAT The 

15 ^™ eSdeSCribedherei "-'"^°"«-foMow, Four-week-oldmale 

C57BL,6Jm,ce were used. Animals were fed ad fibimm ami 10 animals were grouped 

C oTor nT . keP ' " 24 " C - ««■» «« 4 « 4' 

C for 3 or 2 hrs. Ammals were sacrifled, .issues were dissected and collected 
immediately. 

WATm " BAT share the same genelic and biochemical machinery for 

r?r t pi *■ bat deveiops ■ "po" 

drffaenuariop. Thus, PGC-1 plays a role in the thermogenic function of BAT This 
ftmotton was confirmed when the second Northern analysis revealed una. in rissuea L 
anrmals ace , mated a, 4«C POC-1 was expressed essentially only i„ BAT PO " 
therefore, plays a role in ,he eouUibrium beriveen energy storage and expends. ' 

dlfc« ^ a " alySiS ° f PQC -' ^ ° f ™»<*»<«W°1 fimorion in 

dtfferen. mouse ..asues (kidney, heart, BAT and WAT) after cold exposure revealed «ha, 
^duced expression of , CC -f in fc brown fat of tee raice ^ **« 

subuntt) and cytochrome c-oxidase subunits (COX II and COX IV). Although clnonic 
» ^^^^^^•o^edac.ivirieaforlami^: 

au ct t ,7;^ ,0 T To condM *- - -25 

a. 4 C for 3 or 12 homa, sacnficed ^ tissues ^ WAT and BAT) were 
dissected for the preparation of RN A TVn , r, . ; 

„cpH f« 1. u -a- • WCre pooled for each sam P»e- Probes 

used for hybridization were PGC-1 UCT-1 ACT ^th^o ,a u s 
oxidase Iirmvm ^ t 1 > uc l i , ACT sythetase (p subunit), cytochrome c- 
oxidase II (COX-II), and cytochrome c-oxidase IV (COX-IV) 
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Cold is sensed in the central nervous system and results in increased sympathetic 
output to peripheral tissues, including muscle and brown fat Himms-Hagen (1989) Can. 
J. Physiol. Pharmcol. 67:394-401). Cold exposure can be mimicked, in terms of brown 
adipocyte precursor cell growth and the induction of UCP-1, by exposure of cultured 
5 brown fat cells to p-adrenergic agonists (Rehnmark et al. (1990) J. Biol. Chem. 
25:16464-16471). To determine if PGC-1 gene expression is also sensitive to p- 
adrenergic agonists, HIB IB brown fat cells were treated with isoproterenol (1 )xU), a 
nonsubtype selective p agonist, for 10 tar. Total cellular RNA was isolated and analyzed 
using PGC-1 and UCP-1 cDNA probes. 
10 Treatment of HIB IB brown fat cells with these agents resulted in a sharp 

increase in both PGC-1 mRNA and UCP-1 mRNA. Briefly, HIB IB brown fat 
preadipocytes were differentiated as described herein. After 6 days, cells were 
approximately 80% differentiated. Exposure of brown fat cells to 9-cis retinoic acid has 
previously been shown to potentiate the effects of P agonists to induce UCP-1 
15 expression (Puigserver et al. (1996) Biochem. J. 317:827-833). Addition of this retinoid 
(which activates both RXR and RAR) and isoproterenol to the HIB IB cells resulted in a 
small, further increase in both PGC-1 and UCP-1 expression. These results indicate that 
P-adrenergic agonists may play an important role in mediating the effects of cold on the 
induction of both UCP-1 and PGC-1. 

20 

EXAMPLE IV: RECOMBINANT EXPRESSION OF PGC-1 AND BINDING 
OF PGC-1 TO OTHER TRANSCRIPTION FACTORS AND 
NUCLEAR HORMONE RECEPTORS 

25 GST-PGC-1 fusion proteins were generated by first subcloning a portion of the 

PGC-1 nucleotide sequence (nucleotides 610 to 3066 of SEQ ID NO:l) into a pGEX 
vector (Pharmacia Biotech Inc., Piscataway, NJ). Briefly, PGC-1 (EcoRI-Xhol fragment 
from pBluescript) was cloned into the Smal site of pGEX 5X3. The PPARy deletions 
were generated by performing PCR using specific oligonucleotides and there were 
30 cloned in-frame in pGEX 5X2. These fusion proteins were expressed, and purified from 
E. coli on beads containing approximately lug of protein (either GST, or alone, or fused 
to PGC-1), 30 ul was resuspended i the binding buffer (20 mM HEPES [pH 7.7], 75 mM 
KC1, 0.1 mM EDTA, 2.5 mM MgC12, 0.05% NP40,2 mM DTT, 10% glycerol). 

After expressing the fusion protein in COS cells, in vitro binding assays as 
35 described in Takeshita, A. et al. ((1996) Endocrinology 137:3594-3597) were performed 
to study the interaction of PGC-1 with PPARy, other PPAR isoforms such as PPARa 
and PPAR8, other transcription factors such as C/EBPa and RXRa, and other nuclear 
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hormone receptors such as the thyroid hormone receptor, the estrogen receptor, and the 
retino.c acid receptor. The assays were carried out as follows. Control GST protein 
alone or PGC-1 (aa 36-797) fused to GST were immobiled on glutathione agarose beads 
and mcubated with different in vitro-translated (FS]methionine-labeled nuclear 
5 receptors and appropriate ligands or vehicle. The fusion proteins were mixed with 5 pi 
of different nuclear receptors made in an in vitro reticulocyte translation reaction using 
[ S] methionine (Promega TNT reticulocyte lysate system kit). Specific nuclear 
receptor ligands or vehicle (5 p.) was added. Binding was performed for 60 min at 
room temperature. The beads were then washed four times with the binding buffer with 
1 0 or without ligands and resuspended in SDS-PAGE sample buffer. After electrophoresis 
fixanon, and enhancement, the radiolabeled proteins were visualized by 
autoradiography. 

These assays showthat PGC-1 interacted with PPARy. This interaction was not 
^Z'T ' in Aat additio " of BRL49653 (a thiazolidinedione ligand for PPARy) 
15 at 10 pM does not significantly alter this binding. A similar lack of ligand dependence 
for mis mteraction was seen when bacterially expressed PPARy was immobilized on 
beads and used with reticulocyte-translated PGC-1 . These assays also showed that 
PGC-1 mteracts with: a) PPARa and shows a slight ligand dependency using 
leukotriene-4 (lp M ); b) PPAR5 and shows a slight ligand dependency using 
20 carboprostacyclin (lpM); c) the thyroid hormone receptor with a slight ligand 

dependency using thyroid hormone (IpM); d) the estrogen receptor with a slight ligand 
dependency using estradiol (lpM); and 3) the retinoic acid receptor with a strong ligand 
dependency using all-trans retinoic acid (luM). The TR P also binds specifically to 
PGC-1, though in this case ligand (T 3 ) addition causes a 2- to 3-fold increase in binding 
A strong l.gand-dependent binding is seen between PGC-1 and the retinoic acid (RA) 
receptor, and between PGC-1 and the estrogen receptor (ERoc). In contrast, little or no 
binding , s seen between PGC-1 and the retinoid-X receptor (RXRa), with or without 
hgand add lt ion. These data indicate that PGC-1 interacts specifically with PPARy and 
several other nuclear receptors in vitro. There is a broad range of dependence on ligand 
30 or these interactions, from no ligand dependence (PPARy) to a strong dependence on 
ligand addition (RARa). 

The interaction between PPARy and PGC-1 can also be seen in mammalian cells 
Even in the absence of added ligand, an association is observed between these two 
proteins in immunoprecipitation assays. Vectors expressing HA-tagged PGC-1 and 
35 PPARy were transfected into COS cells. In brief, full-length PGC-1 with an HA-tagged 
N terminus was generated by PCR and closed into Smal of pSV-SPORT Ligands 
P.oglitazone (5 pM), 9-cis RA (1 pM), and 8-Br-cAMP (1 nm) were added 3 hrs. before 
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cells were harvested. Cell extracts and immunoprecipitation from transfected cells were 
performed as the Lasser et al. ((1991) Cell 66:305-315). Rabbit anti-murine PPARy (Hu 
et al. (1996) Science 274:2100-2103) was used as a 1:500 dilution for 
immunoprecipitation. An anti-HA mouse dilution for Western blot that was developed 
5 using ECL (Amersham). When cells are treated with pioglitazone (a PPARy ligand), a 
very modest increase in association is observed. 

To address whether PGC-1 does indeed reside in the cell nucleus, a fusion 
protein between PGC-1 and green fluorescent protein (GFP) was constructed. GFP 
fused to the full-length PGC-1 was generated by closing this (Clontech). Cellular 
1 0 localization was visualized 24 hrs. after transfection using a Nikon Diaphora 

200 microscope. When GFP-PGC-1 is expressed in COS cells, it is observed entirely in 
the cell nucleus. 

These results show that PGC-1 binds not only to PPARy but also to other nuclear 
hormone receptors, and thus this molecule can be used to modulate the function of these 
1 5 additional nuclear hormone receptors. PGC-1 can be used as a target for screening 

molecules which modulate the function of these nuclear hormone receptors. Moreover, 
the fact that PGC-1 interacts with the thyroid hormone receptor and the retinoic acid 
receptor is important in brown adipocyte function as both of these receptors can 
transcriptionally regulate UCP expression. 

20 

EXAMPLE V: PGC-1 ACTS AS A COACTIVATOR WITH PPARy/RXRa 
AND TR TO INDUCE EXPRESSION OF A GENE UNDER 
THE CONTROL OF UCP REGULATORY ELEMENTS 

25 To assess the transcription activity of PGC-1, an in vitro transciptional assay was 

performed. The UCP-1 promoter has been shown to have binding sites for both PPARy 
and the TR (Cassard-Doulcier et al. (1994) J. Biol. Chem. 269:24335-24342; Sears et al. 
(1996) Mol. Cell. Biol. 16:3410-3419). In this assay, the full length promoter and 
enhancer of UCP was linked to the CAT reporter gene. RAT IR (a rat fibroblast cell line 

30 transformed to express the human insulin receptor) cells were transiently transfected 
with PSV-sport alone (control), PPARy/RXRa, PGC-1, and PPARy/RXRa/PGC-1 using 
the calcium phosphate method. Results from CAT assays were controlled for 
transfection efficiency by cotransfection of a p-galactosidase reporter gene under the 
control of the CMV promoter. In each case, the cells were treated with either dimethyl 

3 5 sulfoxide or a combination of 9-cis retinoic acid, 8-Br-cAMP, and the synthetic PPARy 
ligand pioglitazone (PIO). Transcriptional activity was seen in the cells treated with the 
combination of 9-cis retinoic acid, 8-Br-cAMP, and PIO and containing PGC-1 alone, 
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ee ls contauung PPARy/RXRa, and cells containing PPARy/RXRa/PGC-1. Maximum 
acUvity was seen in cells treated with the combination of 9-cis retinoic acid 8-Br- 
cAMP, and PIO and containing PPARy/RXRcc/PGC-1. These results indicate that PGC- 
1 acts as a positive transcriptional coactivator of PPARy/RXRa 

5 PCr , * d T inC Whkh iDdUCerS WCre inV ° ,Ved " ^ ^Pt-nal activation of 

,TRO 'q WCre indiVidUal,y m SynthedC ^ **** ^glitazone 

(TRO), 9-c.s retinoic add, 8-Br cAMP) and in combination (9-cis retinoic acid in 

w-rri:; T CAMP> differem ^ t0 ^ -"s treated 

10 r , r " ^ f0Und th3t thC ***** ° f the ind — -as as follows 

10 (fh>m highest to lowest): 9-cis retinoic acid, 8-Br cAMP, TRO, and then PIO The 

combination of 9-cis retinoic acid and 8-Br cAMP was more potent in enhancing 
transcriptional activity than any of the individual inducers 

Similarly, TRp/RXRa combination alone induced very little transcriptional 
activity even when stimulated with a Hgand cocktail including T 3 (1 uM). However 
15 thecombinationofPGC-l with the TRp/RXRa pair induced powerful transactivation 
again in a ligand-dependent manner. These results clearly indicate that PGC-1 can ' 
Wion asapotent transcriptional coactivator for PPARy and the TR. It is interesting 

t h rr^ ranSCnPti0nal reSP ° nSe " SCen ^ PPARY **** is ^ ^spite L 
factdiatthe binding of PGC-, and PPARy is not. igand dependent. It is likely that this 
20 esu'tsfromsimul^ 
aKC- 1 , CBP, or others. 

The role of different hormones and ligands used to achieve maximal 
transcriptional activation with PPARy and PGC-1 is dissected in Figure 3A The 

2S ,nd ' V tfr mP ° nentS " tr ° g,itaZOne (tr ° 8 ) ' 9 C "- retinoic acid (9cRA), and 8-bromo 

The fold activation was compared to the value observed in cells transfected with the 
same vectors but not treated with ligand. However, the most robust responses are seen 
when they are used in combination. The synergistic effect of 9-cis retinoic acid and 8- 

30 17 ^ ° 4 - f ° ,d) ' WW,e a » ^nts together cause 
3U an 18-fold increase above the untreated control. 

The above-described transcriptional assay represents a useful assay for screenine 
~ora g ents wW chcan 

eoorted in this Example, agents which likely modulate UCP expression and thus 
thermogenesis ,n BAT include PGC-1 molecules, PPARy ligands (e g 
thiazolidinediones, e.g., PIO and TRO), retinoids, and adrenergic agonists 
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EXAMPLE VI: IDENTIFICATION OF THE DOMAINS THAT MEDIATE 
THE PGC-l-PPARy INTERACTION 

The interaction between nuclear receptors and certain coactivators such as SRC-1 
5 or CBP is ligand dependent (Kamai et al (1996) Cell 84:403-414) and involves an 
LXXLL (SEQ ID NO:3) motif in the coactivators and the C-terminal AF-2 domain in 
the receptors (Heery et al. (1997) Nature 387:733-736; Torchia et al. (1997) Nature 
387:677-684). To identify the domains responsible for PGC-l-PPARy interactions, 
different C-terminal deletions of PGC-1 were generated as reticulocyte translation 
1 0 products and mixed with a FST-PPARy fusion protein. Deletions of PGC-1 were made 
using specific rectriction sites in the PGC-1 were made using specific rectriction sites in 
the PGC-1 cDNA closed in pBluescript. The following restriction enzymes were used 
for these deletions: full-length Xhol (aa-1 -797), Haell (aa 1-675) Ncol (aa 1-503), Xbal 
(aa 1-403), Kpnl (aa 1-338), and Stul (aa 1-292). These were then translated into vitro 
15 with an [35S]methionine-label. One microliter of each in vitro translation reaction was 
resolved by SDS-PAGE and autoradigraphed. 

Figure 4 summarizes the input of both the full-length PGC-1 (1-797) and the 1- 
675 deletion which bind to the immobilized PPARy. The binding of PGC-1 1-503, 
which lacks the SR and RNA-binding domains, is modestly decreased to 18%. A 
20 similar level of binding can be seen for PGC-1 1-403 and 1-338. However, PGC-1 1- 
292, which still contains the LXXLL (SEQ ID NO:3) motif, completely loses the ability 
to interact with PPARy. As shown in Figure 2A, residues 292-338 contain no distinct 
domains known to mediate protein-protein interaction, though it is very rich in proline 
residues. 

25 Most of the nuclear hormone receptor coactivators identified to date interact with 

the C-terminal AF-2 domain, which is responsible for ligand-dependent transcriptional 
activation. To determine if PGC-1 also interacts with this part of PPARy, several 
deletions of PPARy prepared as GST fusion proteins were used and combined with in 
vitro-translated PGC-1. Figure 5 shows that amino acids 181-505 of PPARy (the 

30 original fragment used in the yeast two-hybrid screen) interact strongly with PGC-1, 
pulling down 23% of the input. On the other hand, a further deletion of 45 amino acids 
(228-505) is not able to bind to full-length PGC-1. Both of these PPARy deletions were 
able to bind SRC-1, indicating that they have not lost their general ability to interact 
with other proteins. These data demonstrate that PPARy utilizes part of its DNA- 
35 binding and hinge domains to bind PGC-1 . It apparently does not interact through the 
C-terminal AF-2 domain that docks other coactivators such as SRC-1 and CBP. 
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EXAMPLE VII: TRANSCRIPTIONAL ACTIVITY AND DELETION 
ANALYSIS OF PGC-1 
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To address whether PGC-1 has its own transcriptional activation domain or 
contauis some activity that might unmask or augment the transcriptional activator 
propert.es of the nuclear receptors, a number of fusion proteins between full length or 
portions of PGC-1 and the DNA-binding domain (DBD) of GAL4 were prepared and 
assayed transcription through a GAL4 DNA binding target sequence, the UAS ■ 
Transcnpnon was assayed with a reporter plasmid containing five copies of the UAS 
linked to CAT. More specifically, transcriptional activation assays were performed as 
follows. An expression plasmid containing full-length PGC-1 was constructed by first 
hgatmg the entire 3 kb cDNA as a Small-Xhol fragment into Smal-Sall sites of pSV- 
SPORT (GIBCO-BRL). This was expressed in cells with -CMX vector, along with a 
control fusion between GAL4 DBD and full-length murine SRC1. The activity 
simulated by 4.5 ug of the DBD-PGC-1 was set as 100%. The -3740/+1 10 bp UCP 
promoter was described previously (Kozak e/ a/. (1994) Mol. Cell. Biol 14 59-67) 
Rati IR fibroblasts were cultured in DMEM containing 10% cosmic calf serum and 
transfected at 80% - 90% confluence by the calcium phosphate method. Ligands were 
d,ssolved in a vehicle containing 0.1% DMSO (9-cis retinoic acid and troglitazone) or 
water (8-bromocAMP). Transfections were performed in duplicate and repeated at least 
three tunes. CAT activity was assayed as described in Kim and Spiegelman ((1996) 
Genes Dev. 10:1 096- 11 07). 

For GAL4 fusion constructs, full-length PGC-1 generated by PGR was cloned in- 
frame mto the Sall-EcoRV sites of pCMX-GAL4 plasmid. Murine full-length SRC-1 
was cloned into the Smal site of RS V.GAL4.COS cells were transfected in the same way 
as Rati IR fibroblasts and the reporter was the 5xUASg-CAT. 

As shown in Figure 3B, PGC-1 can activate transcription readily when tethered 
to DNA by the GAL4 DBD. For comparison, the results obtained by fusion of the 
GAL4 DBD with another coactivator of nuclear receptors, SRC-1, is shown Thus 
PGC-1 does not absolutely require docking to a nuclear receptor to demonstrate 
transcnptmnal activation function; it is likely that its interaction with these receptors 
serves primarily to bring PGC-1 to appropriate DNA sites. 

To Ermine the location of the transcriptional activation domain of 
PGC-1, a number of deletion mutants fused to a GAL4 DNA binding domain were 
tested for the induction of a luciferase reporter gene as described above. The following 
constructs were tested: control GAL-4 alone, GAL4-PGC-1, GAL4-amino acids 1-65 of 
PGC-1, GAL4-amino acids 1-125 of PGC-1, GAL4-amino acids 1-170 of PGC-1, 
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GAL4-araino acids 1-350 of PGC-1, GAL4-amino acids 1-550 of PGC-1, GAL4-amino 
acids 1-650 of PGC-1, GAL4-amino acids 1-650 of PGC-1, and GAL4-amino acids 170- 
797 of PGC-1 . The results are summarized below in Table 1 . 

Tahle I - TranscriDtion Activity of PGC-l-GAL-4 contructs 


CONSTRUCT 


LUCIFERASE 
UNITS 


GAL 4 Alone 


4 


GAL4-PGC-1 


700 


GAL4 1-65 


4800 


GAL4 1-125 


84,000 


GAL4 1-170 


36,000 


GAL4 1-350 


700 


GAL4 1-550 


4,300 


GAL4 1-650 


300 


GAL4 170-797 


4 



As shown in Table 1, GAL4-PGC-1 constructs containing the N-terminal region 
of the molecule ) show a higher transcriptional activity than the full length molecule. 
The construct GAL4 170-797 showed no detectable transcriptional activity. These 
10 results indicate that the transcriptional activation domain of PGC-1 is located at the N- 
terminal region of the molecule and in particular, at amino acids 1-170 of PGC-1 . The 
decreased in transcriptional activity observed as C-terminal amino acid residues are 
included (e.g., compare the transcriptional activity of GAL4 1-125 and the full length 
molecule) suggests that these C-terminal residues may inhibit the transcriptional activity 
15 of the N-terminal domain by, e.g., masking this domain or by interacting with other 
proteins which may mask or otherwise antagonize the activity of this domain. 

The above-described assay and constructs provide a useful assay for screening 
compounds or agents which can modulate, e.g., stimulate or inhibit, the function of 
PGC-1 . Particularly, preferred compounds or agent include activators of PGC-1, e.g., 
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agents that antagonize the inhibitory effect of the C-terminal portion of the molecule. 
These compounds or agents can be useful in modulating thermogenesis. 

EXAMPLE VIII: ROLE OF PROTEIN KINASE A IN MODULATING PGC-1 
5 ACTIVITY 

Expression of UCP genes is highly sensitive to cAMP. Analysis of the PGC- 1 
sequence revealed three consensus sites for phosphorylation by protein kinase A (Figure 
2A and 2B). This finding suggests a potential role of this kinase in regulating the 

10 activity of PGC-1, which in turn would modify UCP gene expression. To address this 
possibility, site directed mutagenesis can be performed to ablate these phosphorylation 
sites. For example, amino acids 373-376 of SEQ ID NO:2 can be mutated using 
standard protocols. The transcriptional activity of the resulting mutants can be tested in 
e.g, COS cells or HeLa cells, carrying a reporter gene, e.g., a CAT gene, under the 

15 control of an UCP promoter. 

EXAMPLE IX: ECTOPIC EXPRESSION OF PGC-1 INDUCES 

MOLECULAR COMPONENTS OF ADAPTIVE 
THERMOGENESIS 

To examine directly the ability of PGC-1 to regulate the genes of adaptive 
thermogenesis, retroviral vectors have been used to express this protein in white fat 
precursor cells, and 3T3-F442A preadipocytes were then stimulated to differentiate 
Briefly, the PGC-1 viral expression vector (pBabe-PGC-1) was constructed by ligating 
the BamHI-Xhol fragment from pBluescript-PGC-1 plasmid into BamHI/Sall sites of 
pBabe-puro. Following drug selection, virally infected 3T3F442A-PGC-1 and 
3T3F441-vector cells lines were grown to confluence in DMEM with 10% BCS. 
Differentiation of these cells was initiated by culturing them in DMEM insulin. Cells 
were refed every 2 days with this medium. Specific cells were grown in DMEM with 
10% CCS to confluence. These cells were then treated with 1 uM dexamethasone 
0.5mM of methyl-isobutyl-xanthine, 125 uM indomethacin, 1 7 nM insulin, and 1 nM T 3 
for 48 hrs. to induce differentiation. Cells were subsequently maintained in DMEM 
containing 10% CCS, 17 nM insulin, and 1 nM T 3 and replenished every 2 days After 
these treatments, total RNA was isolated and analyzed. 

To induce UCP- J expression, 1 uM 8-bromo-cAMP and 1 mM 9-c«-retinoic 
acid were added to the medium, and total RNA was extracted from the cells 6 hr later 
Nothern blot analysis with a PGC-1 probe revealed that PGC-1 mRNA was barely 
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detectable in these white fat cells infected with empty vectors but was more highly 
expressed in cells infected with the viruses containing the PGC-1 cDNA. The 
expression of this mRNA in the cultured cells was approximately 6% of that seen in the 
brown fat of cold exposed mice. mRNA for UCP-U the classic marker of brown fat 

5 cells that is encoded in the cell nucleus, is barely detectable in the control 3T3-F442A 
cells but is significantly induced in the cells expressing PGC-1 . mRNA for ATP 
synthesase, a key mitochondrial protein involved in oxidative phosphorylation that is 
also encoded in the nucleus, is likewise increased in the cells expressing PGC-1 . The 
mitochondrial respiratory enzyme cytochrome c-oxidase subunits COX II and IV are 

1 0 encoded in the mitochondrial and nuclear genome, respectively. Both of these mRNAs 
increase 2- to 3-fold in the cells ectopically expressing PGC-1 Expression of aP2, a 
white and brown fat cell gene not linked to thermogenesis, and 36B4, a ribosomal 
protein are shown as a loading control. These results demonstrate that PGC-1 can 
stimulate the expression of several key genes of mitochondrial function and adaptive 

1 5 thermogenesis, even when expressed at levels far below those seen in cold-exposed 
animals. 

The ability of PGC-1 to affect the expression of mRNA for a protein (COX-II) 
encoded in the mitochondrial genome suggests that PGC-1 could affect the biogenesis of 
mitochondria per se. Changes in the cellular content of mitochondrial DNA have been 
20 used as a simple biochemical assay for mitochondrial proliferation (Martin et al (1 995) 
Biochem.J. 308:749-752; Klingenspor et al (1996) Biochem. J. 316:607-613). To 
address this possibility, Southern blot analysis of mitochondrial DNA was performed. 
3T3-F442ASouthern blots were carried out by isolating and processing genomic DNA 
as described in Maniatis et al (1989) Molecular Cloning: A Laboratory Manual 2nd 

25 Ed (Cold Spring Harbor, NY: Cold Spring Harbor Laboratory Press)). 3T3-F442A 
cells were differentiated as described above. Total cellular DNA was isolated and was 
digested with NCo I. Ten micrograms of DNA were electrophoresed, and the Southern 
blot was hybridized using COX-II cDNA as a probe for mitochondrial DNA. 

Southern blot analysis of of mitochondrial genome DNA revealed that cells 

30 expressing PGC-1 have twice the mitochondrial DNA content compared to control cells. 
The same blots were also probed with cDNA for 36B4, a ribosomal protein encoded in 
the nucleus. The blot was then stripped and hybridized with the nuclear gene 3664. 
These results show that ectopic PGC-1 expression can stimulate an increase in 
mitochondrial DNA, indicating an increased biogenesis of mitochondria. 
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EXAMPLE X: CHRONIC TREATMENT OF PGC-1 INFECTED CELLS 
INCREASES OXYGEN CONSUMPTION 

To determine a physiological role for PGC-1 in mediating thermogenesis 
5 oxygen consumption assays were performed using 3T3-F442A preadipocytes infected 
with PGC-l-expressing retroviral vectors as described above. The efficiency of 
infection is estimated to be 25%-30«/. of the cells. Oxygen consumption assays were 
performed as described in Ludwik, J. etal. (1981)7 Biochemistry 256(24)- 12840- 
12848 and Hermesh, O. (1998)7. Biochemistry 273(7): 3937-3942. Treatment of these 
To 1 1 ^^—AMPand 1 mM Wretinoic acid for 6 hours resulted in a 
100/c increase m oxygen consumption by these cells (Figure 6). The increase in oxygen 
consumption detected in these cells is likely to be caused by an increase in the activity 
and/or expression of mitochondrial uncoupling proteins (UCPs) or similar proteins 
which may facilitate proton transport. 
; These experiments demonstrate that PGC-1 is capable of mediating a 

thermogenic response in v/vo, thus linking directly the induction of mitochondrial DNA 
and gene expression to a physiological response. The physiological function of PGC-1 
can be further characterized in tissues known to expressed high levels of this molecule 
such as muscle. For example, mouse myoblast cells which can be induced to 
differentiate into myotube such as C2-C12 cells, can be infected with a retrovirus 
expressing PGC-1 and tested under the conditions described above. 

EXAMPLE XI: PGC-1 IS A UNIQUE NUCLEAR RECEPTOR 
COACTIVATOR 

The results presented herein show that PGC-1 is unusual among known nuclear 
receptor coacUvator, in that its expression is dramatically regulated with respect to both 
*ssue se.ectiv.ty and the physiological state of the animal. The exp reS sion of PGC-1 in 
BAT but not WAT distinguishes it from most known transcriptional components in 
*ese issues and its induction by cold is even more dramatic than that observed for 
UCP-L PGC-1 :s also distinct from the known coactivators in that it appears to use 
different sequence motifs for protein-protein docking, on both sides of the receptor- 
coacuvatorpair. Nearly all of the known coactivators and corepressors utilize LXXLL 
sequences to bind at the ligand-regulated helix 12 in the carboxy terminal AF-2 domain 
(Heery el al (1997) Nature 387:733-736; Torchia et al. (1997) Nature 387:677-684 In 
contrast, PGC-1 utilizes a domain rich in proline residues to bind to a region that 
overlaps the DNA binding and hinge region of PPARy. For PPARy, this opens the 



WO 98/54220 



PCT/US98/11048 



70- 



10 



possibility that PGC-1 is not an alternative coactivator to one or more of the ligand- 
controlled coactivators but, rather, may bind in concert with these proteins to give a 
larger macromolecular complex. On the other hand, ligand-dependent docking is seen 
with some other receptors such as the retinoic acid receptor, the estrogen receptor, and to 
a certain degree, the thyroid receptor. Since PGC-1 has one LXXLL (SEQ ID NO:3) 
sequence, a motif shown in several contexts to be both necessary and sufficient for 
ligand-dependent receptor docking, it is entirely possible that the binding of PGC-1 to 
those receptors will depend on this sequence and the receptor AF-2 domains. 

It is now appreciated that most of the coactivators or corepressors that bind to 
receptors at AF-2 domains carry either histone acetyltransferase or histone deacetylase 
activities (Pazin and Kadonaga (1997) Cell 89:325-328). These activities may be 
intrinsic to certain coactivators such as CBP and SRC-1 (Bannister and Kouzarides, 
(1996) Nature 384:641-643; Spencer et al. (1997) Nature 389:194-198) or reside in 
proteins that form complexes with corepressors, as illustrated by the complex between 
1 5 SMRT and mammalian histone deacetylase (Nagy et al. (1 997) Cell 89:373-380; 
Torchia et al. (1997) Nature 387:677-684. Based on primary sequence data, PGC-1 
does not contain any motifs that would be suggestive of histone acetylase or deacetylase 
activity. It also has no significant sequence homologies with any of the known nuclear 
receptor coactivators or corepressors. It may be noteworthy that PGC-1 has paired SR 
20 and RN A-binding domains that have been identified in a number of proteins, including 
several that bind to the regulatory carbody terminal domain (CTD) of RNA polymerase 
II (Yuryev et al. (1996) Proc .Natl. Acad. Sci. USA 93:6975-6980. The findings 
presented herein could also be explained by PGC-1 relieving a gene repression 
mechanism. The hinge region of at least one nuclear receptor (TR) has been shown to 
25 be involved in binding a corepressor (N-CoR; Horlein et al (1995) Nature 377:397-404. 
Hence, PGC-l's action may be to derepress transcription by interfering with corepressor 
binding. 



EXAMPLE XII: ROLE OF PGC-1 IN ADAPTIVE THERMOGENESIS 



30 



Adaptive thermogenesis refers to a component of energy expenditure, which is 
separate from physical activity and which can be elevated in response to changing 
environmental conditions, most notably cold exposure and overfeeding (Himms-Hagen 
(1989) Proc. Soc. Exp. Biol. Med. 208:159-169). There is considerable interest in this 
35 subject because of its potential roles in both the pathogenesis and therapy of human 
obesity. 
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A role for PGC-1 in adaptive thermogenesis is indicated first by its connection to 
the key tissues and hormones implicated in this process. The results shown herein 
suggest an especially important role for skeletal muscle and brown fat. PGC-1 is 
induced by cold exposure in both muscle and brown fat but not in other tissues. The 
thermogenic and antiobesity properties of brown fat are conclusively established in 
rodents (Himms-Hagen (1995) Proc. Soc. exp. Biol. Med. 208:159-169), but the role of 
BAT is less clear in humans due to the fact that adult humans and other large mammals 
do not have well-defined brown fat depots. The expression of UCP-1 in the white fat 
depots of adults suggests that brown adipocytes may be incorporated into depots that 
appear white and can be recruited upon adrenergic stimulation (Garruti and Ricquier, 
(1992) Int. J. Obes. Relat. Metab. Disord 16:383-390). 

With regard to hormones, thyroid hormone and p-adrenergic agonists appear to 
play the most important roles in both cold and diet-induced thermogenesis in muscle and 
brown fat (Himms-Hagen (1989) Proc. Soc. Exp. Biol. Med 208:259-269; Cannon and 
Nedergaard (1996) Biochem. Soc. Trans. 24:407-412). P-adrenergic agonists appear to 
affect PGC-1 function in at least two distinct ways. First, they can induce PGC-1 
expression. Second, cyclic AMP (the intracellular mediator of P-adrenergic receptor 
activity) increases the transcriptional activity mediated by PGC-1 when expression is 
driven ectopically, as shown in Figure 3B. While the molecular basis of this is not 
known, the presence of three consensus phosphorylation sites for protein kinase A 
suggests that the protein may be posttranslationally activated by this pathway. The 
thermogenic effects of thyroid hormone and its receptors are well known. One of the 
clearest effects of increasing thyroid hormone levels is the stimulation of mitochondrial 
respiration rates in skeletal muscle, brown fat, heart, and kidney. Abnormally low 
respiration rates, characteristic of a hypothyroid state, can be increased by raising 
thyroid hormone levels (Pillar and Seitz (1997) Eur. J. Endocrinol. 135:231-239). 
Based on the tissues where it is expressed and its ability to coactivate the TR, PGC-1 

appears to be a very good candidate to mediate some of these effects. 

Recent evidence has also suggested interesting effects of the TZDs in 
thermogenesis. These PPARy ligands can increase energy expenditure when given 
systematically to rodents, perhaps due to increased formation of brown fat and an 
increase in Ucp-J gene expression. These effects have also been seen in cultured cells 
(Foellmi-Adams et al. (1996) Biochem. Pharmacol. 52:693-701 ■ Tai et al J. Biol. 
Chem. 271:29909-29914 (1996). The ability of PGC-1 to coactivate the function of 
PPARy on the UCP-J promoter, and presumably other promoters in thermogenic 
pathways, may provide some explanation for these effects. 
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In addition to these associations described above, ectopic expression experiments 
presented here show more directly that PGC-1 can regulate components of 
thermogenesis. At a cellular and molecular level, adaptive thermogenesis consists of at 
least three separable processes: the biogenesis of mitochondria, the expression of the 
5 mitochondrial enzymes of the respiratory chain, and the expression of specific 

uncoupling proteins. There are now three known members of the UCP gene family; 
UCP-U expressed exclusively in brown fat; Ucp-2, expressed widely, and Ucp-3, 
expressed primarily in skeletal muscle and brown fat. Depending on the length of time 
and severity of a given physiological challenge, one or more of these aspects of 
1 0 thermogenesis may be affected in muscle, BAT, or other tissues. 

The retroviral expression of PGC-1 described herein have used white fat cells. 
This cell type was chosen because it has little endogenous PGC-1 expression and is 
known to have relatively low numbers of mitochondria and little expression of UCP- 1 or 
UCP-3. Although we were only able to get a relatively low level of PGC-1 mRNA 
1 5 expression (6% of that seen in cold-induced BAT), it is clear that several molecular 
components of the adaptive thermogenesis system are altered. First, expression of the 
Ucp-1 gene is turned on from the almost undetectable level that is characteristic of these 
white cells. Second, several mitochondrial genes of the respiratory chain that are 
ordinarily expressed in these cells, such as ATP synthetase, Cox-ll and Cox-IV, are 
20 significantly increased. Finally, mitochondrial content is doubled, as evidenced by the 
increase in mitochondrial DNA per unit of total cellular DNA. 

The mechanism by which PGC-1 may regulate mitochondrial processes linked to 
adaptive thermogenesis can be as follows. For genes such as UCP-1 that are encoded in 
the nucleus and are responsive to PPAR, TR, or other nuclear receptors, PGC-1 could 
25 act directly as a coactivator to increase transcription rates. For genes that are encoded in 
the mitochondrial genome (such as Cox-ll), PGC-1 could be acting directly or indirectly. 
Certain genes within the mitochondria have been shown to have functional thyroid 
response elements (TREs; Pillar and Seitz (1997) Eur. J. Endocrinol 135:231-239). 
While PGC-1 is observed mainly in the nucleus, a small percentage of the TR and PGC- 
30 1 are transported into the mitochondria and function directly at these sites. Similarly, 
with regard to mitochondrial DNA replication, the D loop of the mitochondrial genome 
is a site of heavy strand replication and contains a TRE-DR2 sequence (Wrutniak et al., 
(1995) 1 Biol Chem. 270:16347-16354), suggesting that the TR and PGC-1 could act 
here directly. On the other hand, PGC-1 and nuclear receptors could regulate the 
35 expression of other nuclear factors, such as NRF or mitochondrial factor A, that have 
been shown to function in the mitochondria to stimulate gene transcription and/or DNA 
replication (Pillar and Seitz, (1997) Eur. J. Endocrinol 135:231-239). 
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The contents of all cited references (including literature references, issued 
patents, published patent applications, and co-pending patent applications) cited 
throughout this application (including the Background Section) are hereby expressly 
5 incorporated by reference. The entire contents of Appendix A (including the Figures 
dep,cted therein) entitled "A Cold-Inducible Coactivator of Nuclear Receptors Linked to 
Adaptive Thermogenesis" is also incorporated by reference. 
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Equivalents 

Those skilled in the art will recognize, or be able to ascertain using no more than 
routine expenmentation, many equivalents to the specific embodiments of the invention 
described herein. Such equivalents are intended to be encompassed by the following 
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SEQUENCE LISTING 
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(i) APPLICANT: Bruce M. Spiegelman, Pere Puigserver and Zhidan Wu 
(ii) TITLE OF INVENTION: PGC-1, A Novel Brown Fat PPARy Coactivator 

10 

(iii) NUMBER OF SEQUENCES : 3 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: LAHIVE Sc COCKFIELD, LLP 
15 (b) STREET: 28 State Street 
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(E) COUNTRY: USA 

(F) ZIP: 02109 

20 

(v) COMPUTER READABLE FORM : 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

25 (D) SOFTWARE: Patent In Release #1.0, Version #1.25 
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(A) APPLICATION NUMBER: 60/048,107 
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35 (viii) ATTORNEY/ AGENT INFORMATION: 
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45 (2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3066 base pairs 

(B) TYPE: nucleic acid 
50 (C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
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(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 92.. 2482 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1 : 
AAITCGGCAC CACC^CCT GCATGAGTGT GTGCTGTGTG TCAGAGTGGA ^AG^A 
10 AAAAGCTTGA CTGGCGTCAT TCGGGAGCTG G ATG GCT TGG GAC ATG TGC AGC 

Met Ala Trp Asp Met Cys Ser 
1 5 

15 2S L A p III % Z stl Z T G G f TGT ^ GCT CTG GTT - T «« 

^ Trp Ser Asp He Glu Cy S Ala Ala Leu Val Gly Glu 

15 20 
GAC CAG CCT CTT TGC CCA GAT CTT rrT n» „ 

Asp Gin Pro Leu Cys Pro Zr> 71 o CTT CTT TCT GAA CTT 

20 25 ^ S Pr ° A H LSU Pro Glu Leu Asp Leu Ser Glu Leu 

25 45 so 5 l 

z e Gin 2 2 s s s TC r t Tic •* « t - « 

60 Gln ^ Asn Asn Glu 

65 ?0 

33 2 S 2 S 2 £ - « s - = - - 1 « - 

95 100 

2 Pro 2 pH 2 T t CTG ACA GAT OCC GTG ACC ACT GAC AAC 

40 io5 P Ma J?? Thr AS P G1 V Val Thr Thr Asp 2 

S 2 p C r C o T S T er 2 2 « f C GGC ** « « CCT CAG GAG 
120 f!f M6t Pro As P G1 y Thr Pro Pro Pro Gin Glu 

45 125 130 135 

GCA GAA GAG CCG TCT CTA ptt ,»„ „ 

- «. «. ^ s 2255 2 2 2 2 2 2 2 

145 150 

50 2 2 L C e T u C 2 2 2 2 Ss f° T * ** « ^ « 
jr Tyr Asn Glu Cys Ser Gly Leu Ser Thr Gin Asn His 

160 165 



60 
112 

160 

208 

256 

304 

352 
400 
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170 



175 



180 



ACC GAG AAT TCA TGG AGC AAT AAA GCG AAG AGC ATT TGT CAA CAG CAA 
Thr Glu Asn Ser Trp Ser Asn Lys Ala Lys Ser lie Cys Gin Gin Gin 
5 185 190 195 

AAG CCA CAA AGA CGT CCC TGC TCA GAG CTT CTC AAG TAT CTG ACC ACA 
Lys Pro Gin Arg Arg Pro Cys Ser Glu Leu Leu Lys Tyr Leu Thr Thr 
200 205 210 215 



10 



AAC GAT GAC CCT CCT CAC ACC AAA CCC ACA GAA AAC AGG AAC AGC AGC 
Asn Asp Asp Pro Pro His Thr Lys Pro Thr Glu Asn Arg Asn Ser Ser 
220 225 230 

15 AGA GAC AAA TGT GCT TCC AAA AAG AAG TCC CAT ACA CAA CCG CAG TCG 
ixg Asp Lys Cys Ala Ser Lys Lys Lys Ser His Thr Gin Pro Gin Ser 
235 240 245 

CAA CAT GCT CAA GCC AAA CCA ACA ACT TTA TCT CTT CCT CTG ACC CCA 
20 Gin His Ala Gin Ala Lys Pro Thr Thr Leu Ser Leu Pro Leu Thr Pro 
250 255 260 

GAG TCA CCA AAT GAC CCC AAG GGT TCC CCA TTT GAG AAC AAG ACT ATT 
Glu Ser Pro Asn Asp Pro Lys Gly Ser Pro Phe Glu Asn Lys Thr He 
25 265 270 275 

GAG CGA ACC TTA ACT GTG GAA CTC TCT GGA ACT GCA GGC CTA ACT CCT 
Glu Arg Thr Leu Ser Val Glu Leu Ser Gly Thr Ala Gly Leu Thr Pro 
280 285 290 295 

30 

CCC ACA ACT CCT CCT CAT AAA GCC AAC CAA GAT AAC CCT TTC AAG GCT 
Pro Thr Thr Pro Pro His Lys Ala Asn Gin Asp Asn Pro Phe Lys Ala 
300 305 310 

35 TCG CCA AAG CTG AAG CCC TCT TGC AAG ACC GTG GTG CCA CCG CCA ACC 
Ser Pro Lys Leu Lys Pro Ser Cys Lys Thr Val Val Pro Pro Pro Thr 
3X5 320 325 

AAG AGG GCC CGG TAC AGT GAG TGT TCT GGT ACC CAA GGC AGC CAC TCC 
40 Lys Arg Ala Arg Tyr Ser Glu Cys Ser Gly Thr Gin Gly Ser His Ser 
330 335 340 

ACC AAG AAA GGG CCC GAG CAA TCT GAG TTG TAC GCA CAA CTC AGC AAG 
Thr Lys Lys Gly Pro Glu Gin Ser Glu Leu Tyr Ala Gin Leu Ser Lys 
345 350 355 
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TCC TCA GGG CTC AGC CGA GGA CAC GAG GAA AGG AAG ACT AAA CGG CCC 
Ser Ser Gly Leu Ser Arg Gly His Glu Glu Arg Lys Thr Lys Arg Pro 
360 365 370 375 

AGT CTC CGG CTG TTT GGT GAC CAT GAC TAC TGT CAG TCA CTC AAT TCC 
Ser Leu Arg Leu Phe Gly Asp His Asp Tyr Cys Gin Ser Leu Asn Ser 
380 385 390 

AAA ACG GAT ATA CTC ATT AAC ATA TCA CAG GAG CTC CAA GAC TCT AGA 
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Lys Thr Asp lie Leu lie Asn lie Ser Gin Glu Leu Gin Asp Ser Arg 
395 400 



405 



CAA CTA GAC TTC AAA GAT GCC TCC TGT GAC TGG CAG GGG CAC ATC TGT 
5 Gin Leu Asp Phe Lys Asp Ala Ser Cys Asp Trp Gin Gly His Ue £1 
410 415 420 

Ser Tf f T ^ CAG TGC TAC CTG AGA GAG ft CT TTG GAG GCC 

10 III Gln <** *** LSU *** Glu T1 ~ Leu Glu Ma 

430 435 

Ser £s Sn vll I" S" ^ AGG ACC AGA «° CTG ^AA GAC CAG 

Ser Lys Gin Val Ser Pro Cys Ser Thr Arg Lys Gin Leu Gin Asp Gin 

15 445 450 455 

GAA ATC CGA GCG GAG CTG AAC AAG CAC TTC GGT CAT CCC TGT CAA GCT 
Glu lie Arg Ala Glu Leu Asn Lys His Phe Gly His Pro Cys Gin All 
460 



465 



470 



GTG TTT GAC GAC AAA TCA GAC AAG ACC AGT GAA CTA AGG GAT GGC GAC 
Val Phe Asp Asp Lys Ser Asp Lys Thr Ser Glu Leu Arg Asp cty Z> 
475 480 485 



510 515 



CTG AGC TAC CCT TGG GAT GGC ACG CAG CCC TAT TCA TTG TTC GAT GTG 
Leu Ser Tyr Pro Trp Asp Gly Thr Gin Pro Tyr Ser Leu P„e Asp vll 
35 525 530 535 

Ser ST f T l GC TCC m TCT CCG TGT CGA GAC TCA GTG TCA 

Ser Pro Ser Cys Ser Ser Phe Asn Ser Pro Cys Arg Asp Ser Va! ITr 



540 545 



550 



40 



CCA CCG AAA TCC TTA TTT TCT CAA AGA CCC CAA AGG ATG CGC TCT CGT 
Pro Pro Lys Ser Leu Phe Ser Gin Arg Pro Gin Arg Met Sg ITr Sg 
555 560 565 



580 



AGG TCA AGA TCA AGG TCC CCA GGC AGT AGA TCC TCT TCA AGA TCC TGT 
50 £ *** S « Pr ° G1 ^ ^ Ser Ser Ser T g Ser Cyl 



595 



^ £r Glu f C ^ ^ CGC ACA CGC AAT TCT 

■ eVo ^ U S *l H1S ^ His Thr His Arg Asn Ser 

55 605 610 615 



1360 



1408 



1456 



1504 



1552 



* = = = Z 2 Z S Z 2 5 = E S = 2 T Y - 

490 495 500 

CTA GCC ATG GAT GGC CTA TTT GAT GAC AGT GAA GAT GAA AGT GAT AAA 
30 fot P !?! Ser G1U AS P Glu ^r 2p J£ 



1648 



1696 



1744 



1792 



1888 



1936 
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CCC TTG TAT GTG AGA TCA CGT TCA AGG TCA CCC TAC AGC CGT AGG CCC 1984 
Pro Leu Tyr Val Arg Ser Arg Ser Arg Ser Pro Tyr Ser Arg Arg Pro 
620 625 63° 



20 



40 



2080 



2128 



5 AGG TAC GAC AGC TAT GAA GCC TAT GAG CAC GAA AGG CTC AAG AGG GAT 2032 
Arg Tyr Asp Ser Tyr Glu Ala Tyr Glu His Glu Arg Leu Lys Arg Asp 
" J 635 640 645 

GAA TAC CGC AAA GAG CAC GAG AAG CGG GAG TCT GAA AGG GCC AAA CAG 
10 Glu Tyr Arg Lys Glu His Glu Lys Arg Glu Ser Glu Arg Ala Lys Gin 
650 655 660 

AGA GAG AGG CAG AAG CAG AAA GCA ATT GAA GAG CGC CGT GTG ATT TAC 
Arg Glu Arg Gin Lys Gin Lys Ala lie Glu Glu Arg Arg Val lie Tyr 
15 665 670 675 

GTT GGT AAA ATC AGA CCT GAC ACA ACQ CGG ACA GAA TTG AGA GAC CGC 2176 
Val Gly Lys lie Arg Pro Asp Thr Thr Arg Thr Glu Leu Arg Asp Arg 
680 685 690 695 

TTT GAA GTT TTT GGT GAA ATT GAG GAA TGC ACC GTA AAT CTG CGG GAT 2224 
Phe Glu Val Phe Gly Glu He Glu Glu Cys Thr Val Asn Leu Arg Asp 
700 705 710 



25 GAT GGA GAC AGC TAT GGT TTC ATC ACC TAC CGT TAC ACC TGT GAC GCT 2272 
Asp Gly Asp Ser Tyr Gly Phe lie Thr Tyr Arg Tyr Thr Cys Asp Ala 
715 720 725 

TTC GCT GCT CTT GAG AAT GGA TAT ACT TTA CGC AGG TCG AAC GAA ACT 2320 
30 Phe Ala Ala Leu Glu Asn Gly Tyr Thr Leu Arg Arg Ser Asn Glu Thr 
730 735 740 

GAC TTC GAG CTG TAC TTT TGT GGA CGG AAG CAA TTT TTC AAG TCT AAC 2368 
Asp Phe Glu Leu Tyr Phe Cys Gly Arg Lys Gin Phe Phe Lys Ser Asn 
35 745 750 755 

TAT GCA GAC CTA GAT ACC AAC TCA GAC GAT TTT GAC CCT GCT TCC ACC 2416 
Tyr Ala Asp Leu Asp Thr Asn Ser Asp Asp Phe Asp Pro Ala Ser Thr 
760 765 770 775 



AAG AGC AAG TAT GAC TCT CTG GAT TTT GAT AGT TTA CTG AAG GAA GCT 2464 
Lys Ser Lys Tyr Asp Ser Leu Asp Phe Asp Ser Leu Leu Lys Glu Ala 
780 785 790 



45 CAG AGA AGC TTG CGC AGG TAACGTGTTC CCAGGCTGAG GAATGACAGA 2512 
Gin Arg Ser Leu Arg Arg 
795 

GAGATGGTCA ATACCTCATG GGACAGCGTG TCCTTTCCCA AGACTCTTGC AAGTCATACT 2572 

50 TAGGAATTTC TCCTACTTTA CACTCTCTGT ACAAAAATAA AACAAAACAA AACAACAATA 2632 

ACAACAACAA CAACAACAAT AACAACAACA ACCATACCAG AACAAGAACA ACGGTTTACA 2692 

55 TGAACACAGC TGCTGAAGAG GCAAGAGACA GAATGATAAT CCAGTAAGCA CACGTTTATT 2752 
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CACGGGTGTC AGCTTTGCTT TCCCTGGAGG CTCTTX3GTGA CAGTGTGTGT GCGTGTGTGT 2812 

5 GTGTG ^- GCGTGTGTGT ATGTGTGTGT GTGTACTTGT TTGGAAAGTA CATATGTACA 2872 

CATGTGAGGA CTTGGGGGCA CCTGAACAGA ACGAACAAGG GCGACCCCTT CAAATGGCAG 2932 

CATTTCCATG AAGACACACT TAAAACCTAC AACTTCAAAA TGTTCGTATT CTATACAAAA 2992 

10 GGAAAATAAA TAAATATAAA AAAAAAAAAA AAAAAACTCG AGAGATCTAT GAATCGTAGA 3052 
TACTGAAAAA CCCC 

15 (2) INFORMATION FOR SEQ ID NO:2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 797 amino acids 
9n <B) TYPE: amino acid 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

25 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:2: 

Met Ala Trp Asp Met Cys Ser Gin Asp Ser Val Trp Ser Asp lie Glu 



10 15 



30 



Cys Ala Ala Leu Val Gly Glu Asp Gin Pro Leu Cys Pro Asp Leu Pro 



30 

Glu Leu Asp Leu Ser Glu Leu Asp Val Asn Asp Leu Asp Thr Asp Ser 

40 45 

35 Phe Leu Gly Gly Leu Lys Trp Cys Ser Asp Gin Ser Glu lie lie Ser 

55 60 

Asn Gin Tyr Asn Asn Glu Pro Ala Asn lie Phe Glu Lys lie Asp Glu 
40 ° 7 5 80 

Glu Asn Glu Ala Asn Leu Leu Ala Val Leu Thr Glu Thr Leu Asp Ser 



95 



45 Leu Pro Val Asp Glu Asp Gly Leu Pro Ser Phe Asp Ala Leu Thr Asp 

105 110 

Gly Ala Val Thr Thr Asp Asn Glu Ala Ser Pro Ser Ser Met Pro Asp 

120 125 

50 Gly Thr Pro Pro Pro Gin Glu Ala Glu Glu Pro Ser Leu Leu Lys Lys 



135 140 



LJ» Leu Leu Ala Pro Ala Asn Thr Gin Leu Ser Tyr Asn Glu Cys Ser 
55 150 160 



3066 
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Gly Leu Ser Thr Gin Asn His Ala Ala Asn His Thr His Arg He Arg 
165 I 70 175 



Thr Asn Pro Ala He Val Lys Thr Glu Asn Ser Trp Ser Asn Lys Ala 
5 180 



185 190 



Lys Ser lie Cys Gin Gin Gin Lys Pro Gin Arg Arg Pro Cys Ser Glu 
195 200 205 

10 Leu Leu Lys Tyr Leu Thr Thr Asn Asp Asp Pro Pro His Thr Lys Pro 
210 215 220 

Thr Glu Asn Arg Asn Ser Ser Arg Asp Lys Cys Ala Ser Lys Lys Lys 
225 ~ 230 235 240 

15 ser His Thr Gin Pro Gin Ser Gin His Ala Gin Ala Lys Pro Thr Thr 

245 



250 255 



Leu Ser Leu Pro Leu Thr Pro Glu Ser Pro Asn Asp Pro Lys Gly Ser 
20 260 



265 270 



Pro Phe Glu Asn Lys Thr He Glu Arg Thr Leu Ser Val Glu Leu Ser 
27S 280 285 

25 Gly Thr Ala Gly Leu Thr Pro Pro Thr Thr Pro Pro His Lys Ala Asn 
290 295 300 

Gin Asp Asn Pro Phe Lys Ala Ser Pro Lys Leu Lys Pro Ser Cys Lys 
305 310 315 320 

30 

Thr Val Val Pro Pro Pro Thr Lys Arg Ala Arg Tyr Ser Glu Cys Ser 
325 



330 335 



Gly Thr Gin Gly Ser His Ser Thr Lys Lys Gly Pro Glu Gin Ser Glu 
35 340 345 350 

Leu Tyr Ala Gin Leu Ser Lys Ser Ser Gly Leu Ser Arg Gly His Glu 
355 360 365 

40 Glu Arg Lys Thr Lys Arg Pro Ser Leu Arg Leu Phe Gly Asp His Asp 
370 375 380 



Tyr Cys Gin Ser Leu Asn Ser Lys Thr Asp He Leu He Asn He Ser 
385 390 395 400 

45 

Gin Glu Leu Gin Asp Ser Arg Gin Leu Asp Phe Lys Asp Ala Ser Cys 
405 41° 415 

Asp Trp Gin Gly His He Cys Ser Ser Thr Asp Ser Gly Gin Cys Tyr 
50 420 425 430 

Leu Arg Glu Thr Leu Glu Ala Ser Lys Gin Val Ser Pro Cys Ser Thr 
435 440 445 

55 Arg Lys Gin Leu Gin Asp Gin Glu He Arg Ala Glu Leu Asn Lys His 
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450 

Phe Gly His Pro Cys Gin Ala Val Phe Asp Asp Lys Ser Asp Lys Thr 
5 470 475 480 



Ser Glu Leu Arg Asp Gly Asp Phe Ser Asn Glu Gin Phe 



485 



490 



Ser Lys Leu 
495 



10 



Pro Val Phe lie Asn Ser Gl y Leu Ala Met Asp Gl y Leu Phe Asp Asp 



505 



510 



Ser Glu Asp Glu Ser Asp Lys Leu Ser Tyr Pro Trp Asp Gly Thr Gin 

15 Pro Tyr Ser Leu Phe Asp Val Ser Pro Ser Cys Ser Ser Phe Asn Ser 

535 540 

Pro cys Arg Asp Ser Val Ser Pro Pro Lys Ser Leu Phe Ser Gin Arg 
20 550 555 560 

Pro Gin Arg Met Arg Ser Arg Ser Arg Ser Phe Ser Arg His Arg Ser 



570 



25 



575 

Cys Ser Arg Ser Pro Tyr Ser Arg Ser Arg Ser Arg Ser Pro Gly Ser 

585 590 
Arg Ser Ser Ser Arg Ser Cys Tyr Tyr Tyr Glu Ser Ser His Tyr Arg 

600 605 

30 His Arg Thr His Arg Asn Ser Pro Leu Tyr Val Arg Ser Arg Ser Arg 

515 620 

Ser Pro Tyr Ser Arg Arg Pro Arg Tyr Asp Ser Tyr Glu Ala Tyr Glu 
35 630 "5 640 

His Glu Arg Leu Lys Arg Asp Glu Tyr Arg Lys Glu His Glu Lys Arg 



650 



655 



4q Glu Ser Glu Arg Ala Lys Gin Arg Glu Arg Gin Lys Gin Lys Ala lie 



660 



665 



670 



Glu Glu Arg Arg Val lie Tyr Val Gly Lys He Arg Pro Asp Thr Thr 

680 685 

45 Arg Thr Glu Leu Arg Asp Arg Phe Glu Val Phe Gly Glu He Glu Glu 



695 



700 



Cys Thr val Asn Leu Arg Asp Asp Gly Asp Ser Tyr Gly Phe lie Thr 
50 "~ 710 '15 720 

Tyr Arg Tyr Thr Cys Asp Ala Phe Ala Ala Leu Glu Asn Gly Tyr Thr 



730 



735 



55 Leu Arg Arg Ser Asn Glu Thr Asp Phe Glu Leu Tyr Phe Cys Gly Arg 

745 750 



WO 98/54220 



-82- 



PCT/US98/11048 



Lys Gin Phe Phe Lys Ser Asn Tyr Ala Asp Leu Asp Thr Asn Ser Asp 
755 760 765 

5 Asp Phe Asp Pro Ala Ser Thr Lys Ser Lys Tyr Asp Ser Leu Asp Phe 
770 775 780 



10 



Asp Ser Leu Leu Lys Glu Ala Gin Arg Ser Leu Arg Arg 
785 790 795 

(2) INFORMATION FOR SEQ ID NO: 3: 



(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 5 amino acids 
15 (B) TYPE: amino acid 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

20 (v) FRAGMENT TYPE: internal 



(ix) FEATURE: 

(A) NAME /KEY: Modif ied-site 
25 (B) LOCATION: 2.. 3 

(D) OTHER INFORMATION: /label= modif ied-site 
/note= "x= any amino acid" 



30 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:3: 

Leu Xaa Xaa Leu Leu 
1 5 



35 
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What is claimed is: 



10 



1 • An isolated nucleic acid molecule comprising a nucleotide sequence 
encoding PGC- 1 or a portion thereof. 

2. An isolated nucleic acid molecule comprising a nucleotide sequence 
encoding a protein or a portion thereof, wherein the protein or portion thereof comprises 

ZmZT, TT WhiCh " SUffidently h ° m0,080US t0 an »*- acid Se « of 
SEQ ID NO:2 such that the protein or portion thereof maintains the ability to modulate 

one or more of the following biological activities: UCP expression, thermogenesis in 

adipose cells, differentiation of adipose cells, and insulin sensitivity of adipose cells 



3. 



The isolated nucleic acidmolecule of claim 2, wherein the protein 
comprises an amino acid sequence at least about 60% homologous to the entire amino 
15 acid sequence of SEQ ID NO:2. 

4. The isolated nucleic acid molecule of claim 2, wherein the portion of the 
protein comprises one or more of the following domains or motifs: 

a) a cAMP phosphorylation site: 

b) a tyrosine phosphorylation site; 

c) an RNA binding motif; 

d) a serine-arginine rich domain; and 

e) an LXXLL motif. 

25 u u -a- 5 ' iS ° lated nUCl6iC 3Cid m ° leCUle at ,eaSt 1 5 nuc,eotides * length which 

hybndizes to a nucleic acid molecule comprising the nucleotide sequence of SEQ ID 



6. 



30 SEO ID NO , ^ r ,eiC 3Cid m ° ,eCU,e C ° mPriSing nUcle0tide s ^nce of 

30 SEQ id NO:, or a nucleotide sequence which is at least about 60% homologous to the 
nucleotide sequence of SEQ ID NO: 1 . 

SEO IHMn , ^ nUC,ek 3Cid m ° ,eCUle enC ° ding ^ acid "quence of 

SEQ ID NO:2 or an amino acid sequence which is at least about 60% homologous to the 
35 amino acid sequence of SEQ ID NO:2. 



An isolated nucleic acid molecule encoding a PGC-1 fusion 



protein. 
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9. An isolated nucleic acid molecule which is antisense to the nucleic acid 
molecule of claim 1. 

5 10. A vector comprising a nucleotide sequence encoding PGC-1. 

11. A host cell containing the vector of claim 1 0. 

12. A method for producing PGC- 1 comprising culturing the host cell of 
1 0 claim 1 1 in a suitable medium until PGC- 1 is produced. 

13. An isolated PGC- 1 protein or a portion thereof which can modulate one 
or more of the following biological activities: UCP expression, thermogenesis in adipose 
cells, differentiation of adipose cells, and insulin sensitivity of adipose cells. 

15 • -a 

14. An isolated protein or a portion thereof which comprises an amino acid 

sequence which is sufficiently homologous to an amino acid sequence of SEQ ID NO:2 
such that the protein or portion thereof maintains the ability to modulate one or more of 
the following biological activities: UCP expression, thermogenesis in adipose cells, 
20 differentiation of adipose cells, and insulin sensitivity of adipose cells 

15. The isolated protein or portion thereof of claim 14, wherein the portion of 
the protein comprises one or more of the following domains or motifs: 

a) a cAMP phosphorylation site; 

25 b) a tyrosine phosphorylation site; 

c) an RNA binding motif; 

d) a serine-arginine rich domain; and 

e) an LXXLL motif. 

30 1 6. An isolated protein comprising the amino acid sequence of SEQ ID NO:2 

or an amino acid sequence which is at least about 60% homologous to the amino acid 
sequence of SEQ ID NO:2. 

17. A fusion protein comprising a PGC-1 polypeptide operatively linked to a 
35 non-PGC-1 polypeptide. 

18. An antigenic peptide of PGC-1 comprising at least 8 amino acid residues 
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15 



20 



-85- 

of the amino acid sequence shown in SEQ ID NO:2, the peptide comprising an epitope 
of PGC-1 such that an antibody raised against the peptide forms a specific immune 
complex with PGC-1 . 

1 9. An antibody that specifically binds PGC-1 . 

20. A method for detecting the presence of PGC-1 in a biological sample 
comprising contacting a biological sample with an agent capable of detecting PGC-1 
protein or mRNA. 

21 . A kit for detecting the presence of PGC-1 in a biological sample 
comprising a labeled or labelable agent capable of detecting PGC-1 protein or mRNA in 
a biological sample; means for determining the amount of PGC-1 in the sample- and 
means for comparing the amount of PGC-1 in the sample with a standard. 

22. A method for identifying a compound capable of treating a disorder 
characterized by aberrant PGC-1 nucleic acid expression or PGC-1 protein activity 
comprising assaying the ability of the compound or agent to modulate the expression of 
PGC-1 nucleic acid or the activity of the PGC-1 protein thereby identifying a compound 
capable of treating a disorder characterized by aberrant PGC-1 nucleic acid expression 
or PGC-1 protein activity. 



23. A method for identifying a compound which binds to PGC- 1 protein 
comprising contacting the PGC-1 protein with the compound under conditions which 
25 allow binding of the compound to the PGC-1 protein to form a complex; and detecting 
the formation of a complex of the PGC-1 protein and the compound in which the ability 
of the compound to bind to the PGC-1 protein is indicated by the presence of the 
compound in the complex. 

30 24. A method for identifying a compound which inhibits the interaction of 

the PGC-1 protein with a target molecule comprising contacting, in the presence of the 
compound, the PGC-1 protein and the target molecule under conditions which allow 
binding of the target molecule to the PGC-1 protein to form a complex; and detecting 
the formation of a complex of the PGC-1 protein and the target molecule in which the 

35 abihty of the compound to inhibit interaction between the PGC-1 protein and the target 
molecule is indicated by a decrease in complex formation as compared to the amount of 
complex formed in the absence of the compound. 
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10 30 50 

AATTCGGCACGAGGTTGCCTGCATGAGTGTGTGCTGTGTGTCAGAGTGGATTGGAGTTGA 

70 90 HO 

AAAAGCTTGACTGGCGTCATTCGGGAGCTGGATGGCTTGGGACATGTGCAGCCAAGACTC 

MAWDMCSQDS 

130 150 170 

TGTATGGAGTGACATAGAGTGTGCTGCTCTGGTTGGTGAGGACCAGCCTCTTTGCCCAGA 

VWSDIECAALVGEDQPLCPD 

190 210 230 

TCTTCCTGAACTTGACCTTTCTGAACTTGATGTGAATGACTTGGATACAGACAGCTTTCT 

LPELDLSELDVNDLDTDSFL 

250 270 290 

GGGTGGATTGAAGTGGTGTAGCGACCAATCGGAAATCATATCCAACCAGTACAACAATGA 

GGLKWCSDQSEIISNQYNNE 

310 330 350 

GCCTGCGAACATATTTGAGAAGATAGATGAAGAGAATGAGGCAAACTTGCTAGCGGTCCT 

PANIFEKI DEENEANLLAVL 
370 390 410 

CACAGAGACACTGGACAGTCTCCCCGTGGATGAAGACGGATTGCCCTCATTTGATGCACT 

TETLDSLPVDEDGLPSPDAL 

430 450 470 

GACAGATGGAGCCGTGACCACTGACAACGAGGCCAGTCCTTCCTCCATGCCTGACGGCAC 
TDGA VTTDNEASPSSMPDGT 

490 510 530 

CCCTCCCCCTCAGGAGGCAGAAGAGCCGTCTCTACTTAAGAAGCTCTTACTGGCACCAGC 

PPPQEAEEP SLLKKLLLAPA 

550 570 590 

CMCACTCAGCTCAGCTACAATGAATGCAGCGGTCTTAGCACTCAGAACCATGCAGCAAA 

NTQLSYNECSGLSTQNHAAN 

610 630 650 

CCACACCCACAGGATCAGAACAAACCCTGCCATTGTTAAGACCGAGAATTCATGGAGCAA 
HTHRIRTNPAIVKTENSWSN 

670 690 710 

TAAAGCGAAGAGCATTTGTCAACAGCAAAAGCCACAAAGACGTCCCTGCTCAGAGCTTCT 

KAKSICQQQKPQRRP C 8 ELL 

730 750 770 

CAAGTATCTGACCACAAACGATGACCCTCCTCAC^CCAAACCCACAGAAAACAGGAACAG 

KYLTTNDDPPHTKPTEN RNS 

790 810 830 

CAGCAGAGACAAATGTGCTTCO^AAAGAAGTCCCATACACAACCGCAGTCGCAACATGC 

SRDKCASKKKSHTQPQSQHA 

850 870 890 

TCAAGCCAAACCAACAACTTTATCTCTTCCTCTGACCCCAGAGTCACCAAATGACCCCAA 

QAKPTTLSLPLTP ESPNDPK 

910 930 950 

GGGTTCCCCATTTGAGAACAAGACTATTGAGCGAACCTTAAGTGTGGAACTCTCTGGAAC 

GSPFENKTIERTLSVELSGT 

970 990 1010 

TGCAGGCCTAACTCCTCCCACAACTCCTCCTCATAAAGCCAACCAAGATAACCCTTTCAA 

AGLTPPTTPPHKANQDNPFK 

1030 1050 1070 

GGCTTCGCCAAAGCTGAAGCCCTCTTGCAAGACCGTGGTGCCACCGCCAACCAAGAGGGC 
ASPKLKPSCKTVVPPPTKRA 

1090 1110 H30 

Fig. 1A 
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1150 G n 7 0 SHS TKK6PEQ 

1330 1,50 « El 8DS R(!LD 

1390 W Q 14 ? 0 HI CSSTDSGQ 

1450 i4?„ K 0 V S P C S T R K 

1510 isfn LI,K HFG HPC6 

1570 i 5 L E L R D o p F S K 

1630 F ls i. "SSIAMDOLF 

1690 i7i 0 SI ?WDGTCPY 



iaio K 8 1 p s fi l8 ? 0 MTTSTm 



1870 



h r s c s r i8 s o ^rnrm 



1930 i95„ * * E S S H Y R H R 



2050 2 0 f 0 H = R L K R D E Y R 



2110 S AK eRER0KCK 

2170 nJn GK IRPDTTRT 



2 "0 2210 
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AGAATTGAGAGACCGCTTTGAAGTTTTTGGTGAAATTGAGGAATGCACCGTAAATCTGCG 

ELRDRFEVFGEIEEC T V N L R 

2230 2250 2270 

GGATGATGGAGACAGCTATGGTTTCATCACCTACCGTTACACCTGTGACGCTTTCGCTGC 

DDGDSYGFITYRYTCD AFAA 

2290 2310 2330 

TCTTGAGAATGGATATACTTTACGCAGGTCGAACGAAACTGACTTCgagctgtacttttg 

LENGYTLRRSNETDFELYFC 

2350 2370 2390 

tggacggaagcaatttttcaagtctaactatgcagacctagataccaactcagacgattt 
G R K QFFKSNYADLDTNSDDF 

2410 2430 2450 

tgaccctgcttccaccaagagcaagtatgactctctggattttgatagtttactgaagga 
DPASTKSKYDSLDFDSLLKE 

2470 2490 2510 

agctcagagaagcttgcgcaggtaacgtgttcccaggctgaggaatgacagagagatggt 

A Q R S L R R 

2530 2550 2570 

caatacctcatgggacagcgtgtcctttcccaagactcttgcaagtcatacttaggaatt 

2590 2610 2630 

tctcctactttacactctctgtacaaaaataaaacaaaacaaaacaacaataacaacaac 

2650 2670 2690 

aacaacaacaataacaacaacaaccataccagaacaagaacaacggtttacatgaacaca 

2710 2730 2750 

gctgctgaagaggcaagagacagaatgataatccagtaagcacacgtttattcacgggtg 

2770 2790 2810 

tcagctttgctttccctggaggctcttggtgacagtgtgtgtgcgtgtgtgtgtgtgggt 

2830 2850 2870 

gtgcgtgtgtgtatgtgtgtgtgtgtacttgtttggaaagtacatatgtacacatgtgag 

2890 2910 2930 

gacttgggggcacctgaacagaacgaacaagggcgaccccttcaaatggcagcatttcca 

2950 2970 2990 

toaagacacacttaaaacctacaacttcaaaatgttcgtattctatacaaaaggaaaata 

3010 3030 3050 

aataaatataaaaaaaaaaaaaaaaaaactcgagagatcLatgaatcgtagatactgaaa 



aacccc 



Fig. 1A-2 
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